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6.14 MPaA を上回る圧力（Pc = 7 MPaA）とする． 
２）混合比（O/F） 
 LOX/エタノール 2 液推進系の最適 O/F は NASA 
CEA2 を用いて検討した．最適 O/F は平衡流・凍結
流の仮定や燃焼室圧力にも依存するが，CEA では
平衡流を仮定し，本検討での O/F は 1.8 とする． 
３）収縮比（Ac/At） 
インジェクターとノズル入口間の全圧比が 1 に











されている．そのため，図 1 に NASA CEA2 より
求めたノズル出口圧力と Schilling の実験式に 20%
の余裕を持たせた剥離壁面静圧を示す．また，図 2
に膨張比に対する比推力，推力とそれぞれの要求




図 1 剥離限界静圧とノズル出口静圧 
 
 
図 2 膨張比と比推力・推力の関係 
 
５）燃焼室形状 

















－ 5  
また，エタノールの燃焼室特性長さ L*はケロシン













討における主燃焼室の定格一覧を表 2 に示す． 
 






850K 程度とした．そして，O/F は NASA CEA2 に
よる平衡計算を行い，燃焼室温度を満たす値に決
定した．図 4 に示す計算結果より，GG の混合比は
O/F = 0.05 とする．また，本検討における GG の定
格一覧を表 3 に示す． 
 
図 4 混合比 O/F と GG 燃焼室温度 
 







して図 5 に示す 2 軸式とする． 
タンク圧についてはターボポンプキャビテーシ
ョンを避けるため，NPSH を考慮して図 5 の値とす


































㻹㻼㼍㻭 㻣 推力 㼗㻺 㻝㻜㻣㻤㻚㻠
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図 6 ブリード比の推算プロセス 
 
 
図 7 最適ブリード比 
 
 
5 GG サイクル設計点解析結果 
 




Isp 効率を 1.0 と仮定した場合のマッピングを行っ
た． 







ポンプ効率共に 0.6 の場合，GG サイクルによりシ
ステムが成立するには Isp 効率 0.954 が必要である
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図 9 実験装置（オートクレーブ） 
 
6.2.2 実験条件 































図 10 外観観察結果 
 
 
図 11 EPMA 分析結果 
供試材料 温度 圧力 時間 供試流体 BE投入量
A6061+アルマイト
（皮膜厚さ：30μ m）
㻡㻞㻟㻌㻷 約10 MPaG 㻝㻞㻜㻌㼙㼕㼚 㻮㻱 㻞㻜㻌㼙㼘
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6.3 現在までの材料適合性評価結果 
 本実験では BE ロケットエンジンにおける材料
適合性評価と，Al の腐食に関する基礎的知見を得
るために浸漬実験を実施した．実験により現在ま
でに得られた知見の一覧を表 7 に示す(10)． 
 







推進剤とする 2 液式エンジンに GG サイクルを採
用した場合の成立性について検討した．燃焼室圧
力を 7 MPaA，膨張比を 25，燃料投入温度を 390 K
に設定した場合，タービン・ポンプ効率共に 0.6 で，
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分類 試験片材料 常温 ～400 ～523 ～750
㻻㻹㻯 ○ ○ ○ 㻙
㻿㻹㻯 ○ ○ ○ ○
㻻㻲㻴㻯 ○ ○ ○ ○
㻺㼕 ○ ○ ○ ○ EPMAでSの検出
㻴㻭㻿㼀㻱㻸㻸㻻㼅㻙㼄 ○ ○ ○ ○
㻵㼚㼏㼛㼚㼑㼘㻢㻜㻜 ○ ○ ○ ○ EPMAでSの検出
㻭㻞㻤㻢 ○ ○ 㻙 㻙
㻿㼁㻿㻟㻜㻠 ○ ○ ○ ○
㻿㼁㻿㻟㻝㻢 ○ ○ 㻙 㻙
㼀㼕 㼀㼕 ○ ○ ○ ○
㻭㻢㻜㻢㻝 × × × 㻙
A6061+Niメッキ ○ ○ ○ 㻙
A6061+アルマイト ○ ○ △ 㻙 熱サイクルで軟化
㻼㻱㻱㻷 ○ ○ 㻙 㻙
㻼㼀㻲㻱 ○ ○ 㻙 㻙
㻱㻼㻛㻯㻲 × × × 㻙
BMI/CF（積層板） △ △ △ 㻙
BMI/CF（織物） ○ × × 㻙 織物では亀裂発生
㻼㻵㻛㻯㻲 ○ × × 㻙
㻿㻵㻛㻳㻲 △ × × 㻙 亀裂発生
CFRP+Niメッキ ○ ○ ○ 㻙 線膨張係数に注意
ゴムシート エチレンプロピレン ○ ○ 㻙 㻙
シリコン(VMQ) × × 㻙 㻙
フッ素(FKM) ○ × 㻙 㻙
ニトリル(NBR) × × 㻙 㻙
㻴㻺㻮㻾 ○ ×(380) 㻙 㻙
㻭㻯㻹 × × 㻙 㻙
㻱㻼㻰㻹 ○ × 㻙 㻙
㻲㼂㻹㻽 × × 㻙 㻙
Viton（フッ素ゴム） 㻙 × 㻙 㻙
㻷㼍㼘㼞㼑㼦 ○ × × 㻙
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Abstract 
There exists the regenerative cooling system using endothermic fuel for refrigeration as one of the 
means for cooling heat load of hypersonic vehicle. The hydrocarbon fuel has been known to exhibit 
the endothermic thermal decomposition reaction. Cooling capacity of the regenerative cooling 
becomes about three times by employing the endothermic reaction. In the present study, endothermic 
thermal decomposition characteristics were verified experimentally and analytically for the fuels 
tested in order to construct the regenerative cooling system using the endothermic thermal 
decomposition by the catalytic reaction of methylcyclohexane (MCH) and bioethanol (BE). From the 
experimental results, it was found that the decrease of initiation temperature in the decomposition of 
fuels was about 350 K for MCH and 150K for BE with the catalysts, respectively. 
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図 1 MCH の主な反応経路 
 
図 2 BE の主な反応経路 




































Ni，Cu，Ru，Rh，Pd，Os，Ir，Pt の 10 元素であ
BE MCH
化学式 C2H5OH C7H14 H2
分子量 46.09 98.18 2.016
低位発熱量 [MJ/kg] 26.82 43.86 120.0
沸点 [K] 351.5 374.1 20.38
貯蔵時の温度 [K] 300 300 20
密度
（貯蔵温度）
昇温条件 [K] 300→600 300→600 20→300
平均比熱 [kJ/(kg・K)] 2.02 2.22 12.4
物理的吸熱量 [kJ/kg] 612.0 987.5 3962
化学的吸熱量 [kJ/kg] 1500 2086 －
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外部からシリコンオイルを介して電気ヒータ （ー2  
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kW×2）で約 423 K まで加熱することで自己加圧
（約 0.2 MPaG）された供試流体の蒸気が装置内に


















充填している箇所の温度を 3 点計測している． 
 




おいて供試流体の MCH に対して Pt/Al2O3触媒を
用いた加熱流通実験を実施した．実験結果として，
図 5 に温度に対する反応率を触媒の有無で比較し
たグラフを示し，図 6 に Pt/Al2O3触媒を用いた場
合の温度に対する分解生成物の割合を示す．図 5
















図 5 MCH に対する Pt/Al2O3の触媒効果 
 
 
図 6 MCH の分解生成物の割合（Pt/Al2O3） 
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を有する MCH からトルエンが生成する脱水素反




























図 7 MCH の吸熱効果 
 
図 7 より，Pt/Al2O3 とγ-Al2O3 を比較すると，γ
-Al2O3 の場合では，比エンタルピーの変化が微小
である．Pt/Al2O3の場合では，約 560 K で比エン
タルピーの変化量が最大となり，この時の吸熱量






















図 8 BE の熱分解生成物 
塚野 徹，山本 康平，飯島 明日香，笹木 康平，湊 亮二郎，杉岡 正敏，棚次 亘弘，東野 和幸 















kW×2）で約 423 K まで加熱することで自己加圧
（約 0.2 MPaG）された供試流体の蒸気が装置内に


















充填している箇所の温度を 3 点計測している． 
 




おいて供試流体の MCH に対して Pt/Al2O3触媒を
用いた加熱流通実験を実施した．実験結果として，
図 5 に温度に対する反応率を触媒の有無で比較し
たグラフを示し，図 6 に Pt/Al2O3触媒を用いた場
合の温度に対する分解生成物の割合を示す．図 5
















図 5 MCH に対する Pt/Al2O3の触媒効果 
 
 
図 6 MCH の分解生成物の割合（Pt/Al2O3） 
 






塚野 徹，山本 康平，飯島 明日香，笹木 康平，湊 亮二郎，杉岡 正敏，棚次 亘弘，東野 和幸 



































図 1 MCH の主な反応経路 
 
図 2 BE の主な反応経路 




































Ni，Cu，Ru，Rh，Pd，Os，Ir，Pt の 10 元素であ
BE MCH
化学式 C2H5OH C7H14 H2
分子量 46.09 98.18 2.016
低位発熱量 [MJ/kg] 26.82 43.86 120.0
沸点 [K] 351.5 374.1 20.38
貯蔵時の温度 [K] 300 300 20
密度
（貯蔵温度）
昇温条件 [K] 300→600 300→600 20→300
平均比熱 [kJ/(kg・K)] 2.02 2.22 12.4
物理的吸熱量 [kJ/kg] 612.0 987.5 3962
化学的吸熱量 [kJ/kg] 1500 2086 －





塚野 徹，山本 康平，飯島 明日香，笹木 康平，湊 亮二郎，杉岡 正敏，棚次 亘弘，東野 和幸 




考えられる．また，γ-Al2O3 に比べて Pt/Al2O3 を用
いた場合の方が比較的低温で反応が開始されるこ














比例的に増大している．一方，BE の場合，900 K 
 
 
図 9 BE の吸熱特性 
 
 
図 10 BE の触媒を利用した吸熱特性 













一方，γ-Al2O3 と Pt/Al2O3 の場合では，触媒効果
によって約 650 K と比較的低温度で吸熱効果を得
られており，反応温度の増加に伴い大きな吸熱効
果が得られることがわかる．また，Pt/Al2O3 の方が
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約 400 K から吸熱効果を得られ，約 550 K で
吸熱量は最大となった． 
BE の場合では，γ-Al2O3 および Pt/Al2O3
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比例的に増大している．一方，BE の場合，900 K 
 
 
図 9 BE の吸熱特性 
 
 
図 10 BE の触媒を利用した吸熱特性 













一方，γ-Al2O3 と Pt/Al2O3 の場合では，触媒効果
によって約 650 K と比較的低温度で吸熱効果を得
られており，反応温度の増加に伴い大きな吸熱効
果が得られることがわかる．また，Pt/Al2O3 の方が
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図 1 MCH の主な反応経路 
 
図 2 BE の主な反応経路 




































Ni，Cu，Ru，Rh，Pd，Os，Ir，Pt の 10 元素であ
BE MCH
化学式 C2H5OH C7H14 H2
分子量 46.09 98.18 2.016
低位発熱量 [MJ/kg] 26.82 43.86 120.0
沸点 [K] 351.5 374.1 20.38
貯蔵時の温度 [K] 300 300 20
密度
（貯蔵温度）
昇温条件 [K] 300→600 300→600 20→300
平均比熱 [kJ/(kg・K)] 2.02 2.22 12.4
物理的吸熱量 [kJ/kg] 612.0 987.5 3962
化学的吸熱量 [kJ/kg] 1500 2086 －
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アルミ-水系水素製造の衛星推進系への応用 
 
東野 和幸*1*2，小野寺 英之*3，杉岡 正敏*2，今井 良二*1*2，増田 井出夫*4 
 
Application of Aluminum – Water Reaction for Space Satellite 
Propulsion 
 
Kazuyuki HIGASHINO*1*2, Hideyuki ONODERA*3, Masatoshi SUGIOKA*2, Ryoji IMAI*1*2, 
 and Ideo MASUDA*4 
 
(原稿受付日 平成 26 年 11 月 28 日 論文受理日 平成 27 年 1 月 22 日） 
 
Abstract 
Hydrazine has been extensively used as one of fuel for spacecraft and satellite propulsion. However, 
hydrazine is toxic to human body and global environment. Therefore, the fuel for space plane needs 
the non-toxic clean fuel. Hydrogen has been extensively used as fuel for spacecraft propulsion system, 
which is environmentally friendly fuel. Hydrogen is generally produced by steam reforming of fossil 
fuels, but carbon dioxide (CO2 ) is formed as by-product which causes global warming. We have 
been investigating the development of new hydrogen production by using aluminum with water. 
Hydrogen production by aluminum with water forms only hydrogen and aluminum hydroxide. In this 
study, we investigated the control method in the production of hydrogen using Al powder by changing 
the reaction temperature, the size effect of Al powder on hydrogen production ability and the 
development of new Al alloys (Al-X: X= Sn, Zn, etc. ) for hydrogen production. 
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化の原因である CO2 を副生する． 
 
CnHm + n H2O → n CO + (m/2 + n) H2  (1) 
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した．20[μｍ]以下の Al 微粒子ではほとんどの Al
が水と短時間で反応し，水素を製造することが明
らかになった． 
図４ Al 微粒子での水素製造 

3.4 $O粉末の ;5'解析
図５ , 図６に Al（20[μｍ]～0）の水素製造実験
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は今後の研究課題である． 
 
図５ Al(20～0[μm])水素製造実験前の XRD 分析
 
 
図６ Al(20～0[μm])水素製造実験後の XRD 分析 
 
3.5 Al-Zn合金と Al-Sn合金の水素製造
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Study of Propulsion Engine for Oowashi 2 
 
 
Ryojiro MINATO, Kazuyuki HIGASHINO and Nobuhiro TANATSUGU 
 







Supersonic Unmanned Aerial Vehicle Project proceeds in Aerospace Plane Research Center 
at Muroran Institute Technology. The Gas Generator cycled Air Turbo Ramjet Engine is the 
most promising candidate for propulsion engine for this UAV. For this GG-ATR engine, its 
fuel and oxidizer are bio-ethanol and liquefied oxygen (LOX), respectively. 
The present paper describes about GG-ATR engine cycle analysis, design and 
manufacturing of engine components, ground test facilities. In addition, the authors 
describe about future study plan for ground test of GG-ATR engine. 
 













ボラムジェットエンジン（Gas Generator Cycle Air 
Turbo Ramjet Engine, GG-ATR）が考えられている 2-4)． 
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力 Fと比推力(Isp)の関係を次の式(1), (2)で示しておく． 
 
 













































































































えておき，気流全圧 PT，全温 TT を求める．そしてイ




































































































  (5) 
 
これにより以下の手順で GG 燃焼圧力 P*GGを求める． 
1. GG 燃焼圧力 P*GGを仮定する． 
2. GG燃焼ガス流量mGGをタービン-圧縮機パワーバ
ランスから求める． 
3. GG での化学平衡計算を行い，GG における特性
排気速度 C*GGを求める． 
4. 式(5)より，GG 燃焼圧力 PGGを修正する． 
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  (6) 
 











































図 2 地上静止状態での GG-ATR エンジンの Isp 
 




る GG-ATR エンジンの Isp と密度比推力の比較を図
2, 3 に示した．密度比推力とは，Isp に推進剤の平均
密度を掛けたもので，Isp が単位推進剤重量当たり
湊㻌 亮二郎，㻌 東野㻌 和幸，㻌 棚次㻌 亘弘 























力 Fと比推力(Isp)の関係を次の式(1), (2)で示しておく． 
 
 













































































































えておき，気流全圧 PT，全温 TT を求める．そしてイ




































































































  (5) 
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条件で 3.47kg/sec で，圧力比は定格回転数条件で 2.5
である． 
 





インペラを 64000rpm で回転させた時の Von Mises
応力分布を有限要素法（FEM）で求めたものである．
この解析結果では，64000rpm で回転させた場合で
も，最大 Von Mises 応力は許容応力の範囲内であっ
たことが示されている． 
 









 -  - 
中央に LOX，左右 2 つの噴射口からはエタノール
が噴射される．この噴射器からは定格作動時には，

































8 に製作した GG-ATR エンジンを示す． 
 
 
図 8 製作した GG-ATR エンジン 
 
図 9 GG-ATR エンジン地上試験架台 
 





B) GN2 駆動によるターボ系要素性能冷走試験 
C) GG 燃焼ガス駆動によるエンジン全体試験 
A)の GN2 によるターボ系回転要素試験では，ター
湊㻌 亮二郎，㻌 東野㻌 和幸，㻌 棚次㻌 亘弘 






























条件で 3.47kg/sec で，圧力比は定格回転数条件で 2.5
である． 
 





インペラを 64000rpm で回転させた時の Von Mises
応力分布を有限要素法（FEM）で求めたものである．
この解析結果では，64000rpm で回転させた場合で
も，最大 Von Mises 応力は許容応力の範囲内であっ
たことが示されている． 
 








湊㻌 亮二郎，㻌 東野㻌 和幸，㻌 棚次㻌 亘弘 






事前に CFD で解析した空力性能結果と比較する． 
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Guidance and Control System Technologies for Autonomous 
Flight of Unmanned Air Vehicle 
- Toward the realization of Guidance, Navigation and Control System for Owashi-II -  
 
Masazumi UEBA*1*2, Ryotaro TAKEUCHI*3, Tomoya YAMASHITA*3, Shigehiro YOKOTA*4 
 




In order to realize unmanned air vehicle (UAV) which can fly autonomously, it is necessary to 
develop guidance, navigation and control system technologies as well as telemetry and command 
system technologies.  The former achieves the required trajectory and attitude, the latter monitors the 
flight condition of the UAV and directs the adequate command in case of emergency. Besides, in the 
development of Owashi II, small-scale unmanned supersonic airplane, we need to establish required 
technologies by validating step by step. This paper describes the status of the development of the two 
systems. 
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Φ （ロール角） ゼロ ゼロ 一定 誘導則指示値
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CPU SH7286 RX610 ×2
ROM (KB) 512KB 2MB×2
RAM (KB) 24KB 128KB×2
動作クロック (MHz) 100MHz 100MHz
計算周期 10ms 10ms
SCI (ch) 2ch 3ch
PCI        (ch) N/A 1ch
A/D       (ch) 9ch 13ch
PWM    (ch) 5ch 10ch
寸法 (WXLXD) (各mm) 100X80X30 ( 80X60X20)×2
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a)  LCDP>0 となる迎角 
 
ｂ） LCDP<0 となる迎角 
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図 15 水平定常飛行実験軌跡 
200m
 



































上羽 正純，竹内 僚太郎，山下 智也，横田 滋弘 
 



















































































































（LBA S500 B E 6 S）
－　39　－
室工大紀要第 号（）～ 





Structure Development of Oowashi No.2 
 
Ken HIGUCHI*1*2 and Nobuhisa KATSUMATA*1*2 
 
(原稿受付日 平成 26 年 11 月 28 日 論文受理日 平成 27 年 1 月 22 日） 
 
Abstract 
Technological research and development on the structure system of the supersonic aircraft are 
required to construct the supersonic flying test bed (FTB).  Lightweight and high performance 
composite materials will be used where possible portions of the structures.  The structure must be 
designed considering various interfaces, such as aerodynamic performance for take-off/landing and 
supersonic flight, guidance and control for autonomous flight, wireless communications for flight 
information, propulsion system components, thermal protection for onboard equipment over a broad 
range of temperatures from cryogenic to very high temperature, impact loading due to landing shock, 
and flight maneuvability, along with recovery/reusability.  The circumstances, the present state of the 
structure design, and the required developmental research are summarized here, and the remaining 
problems for the design of flight model of Oowashi No.2 are presented. 
 
Keywords : Supersonic flying test bed, Structure development, Composite materials, Aircraft 





















 *1 室蘭工業大学 もの創造系領域 



















64 2014  39~44 特　　　集
－　40　－
樋口 健，勝又暢久 
























































28.47 30.0 0.05 材料破壊 
一般部
カバープレート 





18.67 25.75 0.6 剪断座屈 
ストリンガー 9.57 25.28 1.64 
クリップ
リング 













































































胴体リング 8.46 8.46 
ストリンガー 6.78 6.78 
カバー 17.06 12.2 
主翼 46.33 46.33 
GN2 タンク 1 1 
Thhanol タンク 65 65 
LOX タンク 28.5 28.5 
エンジン 50 50 
電気計装（機首） 10 10 
電気計装(テイル) 10 10 
尾翼 20 20 
主脚 30 30 
前脚 10 10 
インテーク 5 5 
ファスナー 2 2 
アクチュエータ 5 5 
配管 20 20 
マージン 13.55 18 
合計 350.0 348.27 
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7 6.5 水平尾翼ローカル 
8 6.6 水平尾翼ローカル 
9 7.6 水平尾翼ローカル 
10 7.6 水平尾翼ローカル 
11 11.9 垂直尾翼ローカル 
12 17.1 垂直尾翼ローカル 
13 18.5 機体ヨー軸曲げ 
14 19.6 機体ピッチ軸曲げ 
15 28.8 機体ロール軸ねじれ 
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(a) 上面 (b) 下面     (c) 中央胴体内部 













































溝端 一秀*1*2，大石 栄*3，鈴木 祥弘*4，近藤 賢*4，渡口 翼*4 
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Abstract 
Innovation in technologies for high-speed atmospheric flights is essential for establishment of both 
supersonic/hypersonic and reusable space transportations. It is quite effective to verify such 
technologies through small-scale flight tests in practical high-speed environments, prior to installation 
to large-scale vehicles. Thus we are developing a small-scale supersonic flight experiment vehicle as a 
flying test bed. Two generations of aerodynamic configuration with a cranked-arrow main wing are 
proposed. Their aerodynamics are analyzed intensively through wind tunnel tests and are found to be 
favorable. On the basis of the aerodynamic characterization and propulsion design analysis, it is 
predicted that some thrust enhancement and/or drag reduction in the transonic regime are required for 
realization of supersonic flights up to Mach 2. For this end, aerodynamic configuration modification 
based on the area rule is being applied. 
Prior to the construction of the supersonic vehicles, a full scale prototype vehicle and subscale 
vehicles are designed and fabricated in order to verify the subsonic flying characteristics through flight 
tests. Preliminary flight tests of the 1st-generation prototype vehicle are carried out and good flight 
capability in subsonic regime is demonstrated. In addition, a subscale vehicle is being fabricated in 
house for cost-effective and repeated preliminary flight tests. 
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 この M2006 空力形状について 2006 年度から









































6.8m（同 105kg、Nose-B）および 7.8m（同 130kg、













































































































Side slip angle β [deg] 
Cl at M1.1 Cl at subsonic Cl at M0.5
Cl at M0.9 Cl at M1.3 Cn at subsonic
Cn at M0.5 Cn at M0.9 Cn at M1.1
Cn at M1.3
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M2011 形状の縦の空力係数（マッハ 1.3） 
 



























































a            (1) 
およびラダー操舵を同時に用いる場合の  lateral 

















       (2) 
がある。ここで 𝑘𝑘 = 𝛿𝛿𝑟𝑟 𝛿𝛿𝑎𝑎
⁄ はラダー舵角とエルロ
ン舵角の比であり、ラダーゲインと呼ばれる。
AADP および LCDP がゼロになるとエルロン操舵
によっては全くロール制御できなくなり、負にな
るとエルロン操舵とは逆の方向に機体がロールす
ることになる。M2006prototype 形状と  M2011 
Nose-C 形状について、風試データから推算された
AADP および LCDP を図６に示す。M2006prototype
形状ではエルロンのみの操舵によって正のロール
制御が可能な迎角範囲は-13～19°と見積もられる
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 この方法を用いて、第二世代実験機の M2011 
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Muroran Institute of Technology has constructed High Speed Rocket Sled Track Facility in 2009 and 
it is in use for many practical experimental tests with commercial companies and academic 
organizations. In this paper, fundamental studies on the propulsion system, the deceleration system, 
structure design, running profile estimation program and the onboard balance system are described. 
 















進めている(2-9)。300 m 軌道では最高時速 405 km を
達成しており航空宇宙機器の耐 G 試験等の用途で
他大学や民間企業の利用も行われている(10-12)。将
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道（図１）は軌間 1.435 m、全長 300 m を有し新幹
線規格で建設されており、継ぎ目は全てテルミッ







図１ フルサイズ軌道（全長 300 m） 
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フルサイズ軌道 1.435  300  405 2010 年 






（Cesaroni 社 HyperTEK L970）を主として採用して
いる。図３は推力 1 kN クラスのものを 4 本クラス
タ化した例である。酸化剤には常温で自己加圧に
より液化する亜酸化窒素を用いており、外気温に
















の小型ジェットエンジン（Jet Munt 社 Merlin 160G）
を使用している（図４）。定格推力は 160 N（外気
温 15℃、回転数 116000 rpm における）であり、エ
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たために減速 G が 6 G よりも小さくなったことが

























































































ドを 6 G の減速加速度で停止させるためには初期
ゲートの水位はわずかに 18 mm 程度でなければな
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メモリハイロガー8023 を用いている。データ収録
系自身が 20 G 程度の加速度に耐える必要があり、
加振試験によって事前に確認している。データは






 図１１は 2012 年度から投入された RS-702 型走
行台車で幅 1590 mm、長さ 2030 mm のアルミ合金
製である（搭載品を除く台車本体の寸法）。推進
系・計測系を除く空虚重量は 72 kg であり初号機よ












図１１ RS-702 走行台車。全長 2 m、空虚重量 72 kg、
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ゲートの水位はわずかに 18 mm 程度でなければな
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４に示すような 10 cm 角平板を用い、風洞試験で
得られる抗力係数とよい一致を見ている(13)。また
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Abstract 
In supersonic wind tunnels, the humidity content of the working fluid is known to have a significant 
effect on flow conditions in the test section. The intent of this paper is to evaluate the influence of 
moisture on the test section flow quality for the indraft supersonic wind tunnel located at the Muroran 
Institute of Technology. The static-pressure fluctuation is measured by means of an unsteady pressure 
sensor buried in a 10-degree-aperture cone model installed in the test section.  The results show that 
supersonic flow at Mach 2 is contaminated by the self-sustained oscillation of a condensation shock 
wave for ambient relative humidity greater than approximately 50%. It is also found that for the Mach 
2 flow, that the ratio of the static-pressure fluctuation to the dynamic pressure is less than 0.1%, if the 
absolute humidity is kept below a critical value of 2[g/m3].  Experimental observations also reveal 
that the three-dimensional boundary-layer transition process is hypersensitive to the influence of 
free-stream humidity. 
 





1  INTRODUCTION 
 
Dry air is generally used in supersonic ground test 
facilities, in order to avoid the condensation of water 
particles present in humid air. When humid air is 
expanded to supersonic conditions, a supersaturated 
condition often results, wherein no condensation occurs 
even when flow temperatures drop below the dew point. 
However, the generation of tiny water droplets in the 
flow for any reason, spawns a sudden, homogenous 
condensation process. When water particles are con- 
densed in a supersonic nozzle, latent heat is also 
released. A condensation shock wave forms down- 
stream of the nozzle throat, and due to the large 
latent-heat release, thermal choking results in the self 
-sustained oscillation of the shock wave. The mecha- 
nism for this oscillation has been reasonably explained 
in a series of experimental studies by Matsuo1, 2) et.al., 
using a Ludwieg tube. The latent-heat release also 
influences the accuracy of a Pitot-static tube for Mach 
number measurements3-5). Numerical calculations6) for 
viscous flow at large subsonic Mach number, have 
shown that the lift-to-drag ratio is decreased as relative 
humidity is increased, due to the presence of this 
condensation shock wave. 
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Research Center 
*2 Muroran Institute of Technology, Division of Aero- space 
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Since the supersonic wind tunnel located at the 
Muroran Institute of Technology (MIT henceforth) is of 
the indraft type, the supersonic flow in the test section 
is expected to be much quieter than that attained in 
equivalent blowdown-type wind tunnels, which employ 
a high pressure reservoir tank, with the attendant flow 
noise created when the flow exits this tank and enters 
the duct upstream of the test section. However, because 
ambient atmospheric humidity can produce additional 
disturbances as discussed above, it is important that the 
flow quality of any such indraft tunnel be assessed and 
quantified, especially for potential use in the study of 
laminar-to-turbulent transition, which is well known to 
be sensitive to free-stream noise.  
  The objective of the present paper is to evaluate the 
flow quality of the MIT wind tunnel, taking into 
account the influence of atmospheric conditions such as 
temperature, pressure, humidity and so forth.  In order 
to evaluate the flow quality in the test section, static- 
pressure fluctuations in combination with condensation 
density are measured. A 10-degree-aperture cone 
(known to be the canonical model for static-pressure 
fluctuation measurements) was newly prepared for the 
present research and installed in the middle of the test 
section with an unsteady pressure sensor buried within 
the model. Further since light is scattered by tiny water 
droplets in the mist created by condensation, a sophis- 
ticated new method, which employs five sets of 
laser-photo diodes aligned to the axial flow, was 
invented to evaluate the condensation density in the test 
section. It is well-known that boundary-layer transition 
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is sensitive to the disturbance environment in the mean 
flow, and the flow quality is often judged by the 
observed absence or presence of certain disturbance 
modes. For example, three-dimensional boundary 
layers exhibit instabilities to both stationary and 
traveling disturbance modes. Since both modes are 
sensitive to flow disturbances7-9), the appearance of 
these modes is often used as an indicator of the flow 
quality. Low free-stream disturbances favor the 
stationary mode and vice versa. It is well-known that 
stationary mode is hypersensitive to surface roughness. 
Thus, surface-flow visualization by means of surface- 
oil flow technique on a yawed circular cylinder model 
(which typifies swept-wing flow near the leading edge) 
is often made to confirm the low free-stream distur- 
bance environment. In addition, hot-wire measurement 
is made to observe the traveling mode. 
 
2  Experimental apparatus 
 
2.1  Supersonic wind tunnel 
For Mach 2, 3 and 4 flows, the MIT supersonic wind 
tunnel has three different nozzle blocks which are 2m 
in streamwise length and expand vertically while the 
transverse dimension is held constant, resulting in a 
400 mm square test section. Two Schlieren windows 
are installed on the side walls of the test section and the 
Mach 2 nozzle block was used for the present experi- 
ment. The tunnel outlines are illustrated in Fig.1. 
Fig. 1  MIT supersonic wind tunnel. (a) Plan view and (b) 
Side view. 
 
Atmospheric air is sucked through a round-shaped 
bell mouth installed outdoors, and a conversion duct 
installed between the bell mouth and the nozzle block 
with a diameter of about 1m changes the round cross 
section to a rectangular shape. Downstream of the noz- 
zle block, a sting holder for model support is mounted 
in the test section, and aft of the sting, a butterfly valve 
for intermittent operation is installed. Further down- 
stream of the valve, five vacuum tanks with a total 
volume of 500 cubic meters are installed, allowing a 
blow duration of roughly 12 seconds independent of 
nozzle block. More details regarding this wind tunnel 
except for the tanks can be also seen in Ref. 10. 
2.2 Condensation-density measurement and absolute 
humidity 
When atmospheric humidity is high, the supersonic 
flow in the test section is perceptibly clouded due to 
condensation.  Since this condensate consists of tiny ice 
particles that scatter light, the condensation density can be 
evaluated using a laser beam across the main flow in 
combination with a photo diode receiving the perme- 
ated laser beam. For the present experiment, inexpen- 
sive red-color laser pointers with a wavelength of 650 
[nm] and a PIN photo diode with maximum sensitivity 
at 970[nm] (Hamamatsu Photonix Model S6775) were 
employed. Although this photo diode does not have its 
maximum sensitivity at the wavelength of the laser 
beam, it was found that the beam receiver has sufficient 
sensitivity to evaluate the condensation density. 
Because high humidity air lends to self-sustained 
oscillation in the supersonic nozzle, both time-averaged 
as well as time-dependent components of photo-diode 
output were observed. Furthermore, oscillating patterns 
in the streamwise direction were tracked, thus pro- 
viding a measure of convective velocity from the phase 
delay between time traces. To accomplish this, five 
identical sets of the laser-photo diodes separated by a 
streamwise distance of 45[mm] were horizontally 
installed in the streamwise direction as shown in Fig.2 
and these outputs are simultaneously acquired at a 
sampling rate of 5[ s ] or 10[ s ] with the use of an 
NF Block Model EZ-7510, which will be mentioned in 
detail in subsection 2.4. 
 
Fig. 2  Five pairs of laser-photo diodes horizontally aligned 
in streamwise direction with an interval of 45[mm] in test 
section downstream of supersonic nozzle. 
 
The absolute humidity D[g/m3] of the atmospheric 
air was calculated from the relative humidity U[%] 
with the use of the following psychrometric relations 
(see Ref. 11):   
D= U×0.794×EXP(e)/100,               (1) 











where e is the evaporated pressure[Pa], T at absolute 
temperature [K] is T=273.15+t, t being the dry air tem- 
perature in [ C ]. Hereafter absolute humidity and rel- 
ative humidity are called AH and RH, respectively, and 
AH3.1 represents an absolute humidity of 3.1 [g/m3] 
and RH50 corresponds to relative humidity of 50[%]. 
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2.3 10-degree-aperture cone model and yawed 
cylinder model 
   For free-stream noise evaluation in dry-air super- 
sonic flow, the use of a total-pressure probe (identical 
to a Pitot tube) is preferable to a static-pressure 
measurement. This reason is based on the inherent 
nature that static-pressure fluctuations consist of 
contributions from both free-stream turbulence and 
fluctuations arising from boundary-layer physics which 
cannot, in general, be deconvolved. A total-pressure 
probe, however, is not always preferential for free- 
stream noise evaluation in the case of humid air as a 
working fluid. Because atmospheric humidity in the 
Muroran district varies considerably throughout the 
year, the evaluation of the free-stream disturbance 
environment must account for this seasonal variation.  
In an indraft tunnel drawing in atmospheric air, ambient 
water vapor changes into ice particles during the flow 
expansion through the nozzle, and downstream when 
these ice particles pass through the bow shock, they 
again change phase into water vapor or water droplets.  
If a Pitot tube were to be employed under such high 
humidity conditions, the stagnation point, where the 
pressure-sensing elements are placed, would be con- 
taminated by water droplets. Consequently, the pressure 
sensor may indicate a misreading and perhaps more 
importantly, suffer from the possibility of deterioration 
or fatal damage due to water droplet impingement. 
Boundary layers developing on the inside walls of 
the test section are turbulent under normal operation 
and static-pressure measurements on the inside walls of 
the test section are therefore unsuitable in the assess- 
ment of the free-stream static-pressure fluctuation, 
because turbulent motion in the boundary layer also 
spawns pressure fluctuations. To avoid this compli- 
cation, static-pressure measurements for free-stream 
noise evaluation were conducted using an AEDC cone 
model rather than a Pitot-tube measurement. 
In support of this, an AEDC 10-degree-aperture cone 
model was newly constructed for static-pressure 
measurements. A schematic of the cone model cross 
section is shown in Fig.3a, which indicates that the 
model has a total length of 250[mm] with a 70[mm] 
long stainless steel initial portion having a tip radius of 
0.14[mm], and the remaining part of the cone made 
from the VESPEL® insulating material. The surface 
roughness of the metallic portion is approximately 
 m21.0 in the center-line averaged roughness, while 
the surface finish of the rest is, and the discontinuity 
between the metallic and VESPEL parts is less 
than  m5 . A Kulite unsteady pressure sensor Model 
XCQ-62-350mBARD (5[PSI]=34.5[kPa]) with an ex- 
ternal diameter of 1.65[mm] was vertically buried 
beneath a hole with a diameter of 0.5[mm] located 120 
[mm] downstream of the tip.  The distance between 
the cone surface and top surface of the pressure sensor 
should be as small as possible in order to avoid the 
influence of any Helmholtz resonance frequency.  For 
the present model, the distance was fabricated at 
0.5[mm], resulting in a resonance frequency of 
approximately 50[kHz], which is considerably higher 
than the rolloff frequency of 30[kHz]. Four static- 
pressure ports with a diameter 0.5mm spaced evenly at 
90 degrees around the model 245[mm] downstream of 
the tip were installed with one port connected to the 
back pressure of the Kulite sensor. A Model CDV-700A 
DC amplifier manufactured by Kyowa Electronic 
Instruments was employed to condition the pressure 
signals.  
Due to the concern of extremely low frequency 
components in the static pressure fluctuations raising 
the overall level, all waveforms were post-processed 
during data reduction to remove these components and 
their RMS values calculated in an Excel spreadsheet.  
According to the existing database12) regarding 
static-pressure fluctuations on the AEDC model, the 
transition Reynolds number is expected to be 5-6x106 
under a mean-flow condition with a static-pressure 
fluctuation level of 0.1%-0.3% of the dynamic pressure.  
Therefore, the position of the installed pressure sensor 
was set to correspond to a Reynolds number of 
approximately 0.8 x106, to insure that boundary layer 
on the cone at that location retains the laminar state.  
For 3-D boundary-layer transition studies, a stainless 
steel yawed circular cylinder model with a diameter of 
40[mm] and a length of 500[mm] at a yaw angle of 60 
degrees was fabricated. The model was installed in the 
test section in the vertical plane with both ends of the 
model cut so as to be parallel to the main stream. An 
oil-flow technique was employed to visualize the 
cylinder surface flow. The chemicals utilized for visual- 
ization were comprised of a mixture of oxide titanium, 
oleic acid and liquid paraffin mixed in the ratio of  
 
Fig. 3  Wind tunnel model. (a) 10-degree-aperture cone 
model, (b) yawed circular cylinder model.  Unit in mm. 
1:2:8. A video camera was employed to capture the 
cylinder surface oil flow under the Mach 2 flow condi- 
tion, and a still camera was used at the end of the blow. 
2.4 Data acquisition and analysis 
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is sensitive to the disturbance environment in the mean 
flow, and the flow quality is often judged by the 
observed absence or presence of certain disturbance 
modes. For example, three-dimensional boundary 
layers exhibit instabilities to both stationary and 
traveling disturbance modes. Since both modes are 
sensitive to flow disturbances7-9), the appearance of 
these modes is often used as an indicator of the flow 
quality. Low free-stream disturbances favor the 
stationary mode and vice versa. It is well-known that 
stationary mode is hypersensitive to surface roughness. 
Thus, surface-flow visualization by means of surface- 
oil flow technique on a yawed circular cylinder model 
(which typifies swept-wing flow near the leading edge) 
is often made to confirm the low free-stream distur- 
bance environment. In addition, hot-wire measurement 
is made to observe the traveling mode. 
 
2  Experimental apparatus 
 
2.1  Supersonic wind tunnel 
For Mach 2, 3 and 4 flows, the MIT supersonic wind 
tunnel has three different nozzle blocks which are 2m 
in streamwise length and expand vertically while the 
transverse dimension is held constant, resulting in a 
400 mm square test section. Two Schlieren windows 
are installed on the side walls of the test section and the 
Mach 2 nozzle block was used for the present experi- 
ment. The tunnel outlines are illustrated in Fig.1. 
Fig. 1  MIT supersonic wind tunnel. (a) Plan view and (b) 
Side view. 
 
Atmospheric air is sucked through a round-shaped 
bell mouth installed outdoors, and a conversion duct 
installed between the bell mouth and the nozzle block 
with a diameter of about 1m changes the round cross 
section to a rectangular shape. Downstream of the noz- 
zle block, a sting holder for model support is mounted 
in the test section, and aft of the sting, a butterfly valve 
for intermittent operation is installed. Further down- 
stream of the valve, five vacuum tanks with a total 
volume of 500 cubic meters are installed, allowing a 
blow duration of roughly 12 seconds independent of 
nozzle block. More details regarding this wind tunnel 
except for the tanks can be also seen in Ref. 10. 
2.2 Condensation-density measurement and absolute 
humidity 
When atmospheric humidity is high, the supersonic 
flow in the test section is perceptibly clouded due to 
condensation.  Since this condensate consists of tiny ice 
particles that scatter light, the condensation density can be 
evaluated using a laser beam across the main flow in 
combination with a photo diode receiving the perme- 
ated laser beam. For the present experiment, inexpen- 
sive red-color laser pointers with a wavelength of 650 
[nm] and a PIN photo diode with maximum sensitivity 
at 970[nm] (Hamamatsu Photonix Model S6775) were 
employed. Although this photo diode does not have its 
maximum sensitivity at the wavelength of the laser 
beam, it was found that the beam receiver has sufficient 
sensitivity to evaluate the condensation density. 
Because high humidity air lends to self-sustained 
oscillation in the supersonic nozzle, both time-averaged 
as well as time-dependent components of photo-diode 
output were observed. Furthermore, oscillating patterns 
in the streamwise direction were tracked, thus pro- 
viding a measure of convective velocity from the phase 
delay between time traces. To accomplish this, five 
identical sets of the laser-photo diodes separated by a 
streamwise distance of 45[mm] were horizontally 
installed in the streamwise direction as shown in Fig.2 
and these outputs are simultaneously acquired at a 
sampling rate of 5[ s ] or 10[ s ] with the use of an 
NF Block Model EZ-7510, which will be mentioned in 
detail in subsection 2.4. 
 
Fig. 2  Five pairs of laser-photo diodes horizontally aligned 
in streamwise direction with an interval of 45[mm] in test 
section downstream of supersonic nozzle. 
 
The absolute humidity D[g/m3] of the atmospheric 
air was calculated from the relative humidity U[%] 
with the use of the following psychrometric relations 
(see Ref. 11):   
D= U×0.794×EXP(e)/100,               (1) 











where e is the evaporated pressure[Pa], T at absolute 
temperature [K] is T=273.15+t, t being the dry air tem- 
perature in [ C ]. Hereafter absolute humidity and rel- 
ative humidity are called AH and RH, respectively, and 
AH3.1 represents an absolute humidity of 3.1 [g/m3] 
and RH50 corresponds to relative humidity of 50[%]. 
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All acquired analog data were stored in a data logger 
Model EZ-7510 supplied by NF Block, which has eight 
analog input ports with a resolution of 16 bits at the 
maximum sampling rate of 1MHz. For the present 
measurements, the sampling rate was set at either 
100[kHz] or 200[kHz] per channel. An anti-aliasing 
filter (Nippon Audio Model PGF-8, 100dB/Oct) for 
each analog input port was used with the one-half 
frequency of the sampling rate.  Acquired data from 
the unsteady pressure sensor and the photodiodes were 
reduced by the use of Matlab or Excel spreadsheet. 
 
3 Experimental results 
 
3.1 Evaluation of vapor condensation 
As shown in Fig. 2, laser beams, which vertically 
permeate through the Schlieren window at the test 
section, are received by photodiodes on the other side 
of the test section, and the photodiode outputs in DC 
coupling mode are stored on the Logger EZ7510. 
Figure 4a compares four typical waveforms of the 
diode outputs acquired at various atmospheric condi- 
tions; i.e. (AH2.9, RH52), (AH5.0, RH44), (AH6.6, 
RH52) and (AH8.9, RH78). The vertical axis indicates 
the intensity of the received beam and is arbitrary but 
permits a relative amplitude comparison between wave 
-forms. Also, the waveforms are arbitrarily shifted on 
the horizontal time axis in this figure.  
Prior to a given wind-tunnel blow, each waveform 
holds constant indicating no optical obstruction, but 
suddenly decreases at a certain time which corresponds 
to the starting time of the blow. Because the laser beam 
completely scattered initially, the photodiode output 
should be zero, showing that complete beam scatter in 
all cases is noticeable at the starting time. It is apparent 
that the light scatter is due to condensation of water 
vapors attendant in atmospheric air.    
For the case of (AH6.6, RH52), small but regular 
periodic fluctuations superimposed on the photodiode 
output before and after the start time are observable and 
attributable to the hum component 100[Hz], because 
room lighting was turned on during the blow.  
The four photodiode data plots shown in Fig.4 may 
be classified into two groups. For cases where AH is 
less than 6.6[g/m3], it may be seen that photodiode 
output is held constant for an interval of  0.4 seconds 
right after the start, indicating that supersonic flow was 
steadily established. However, for the highest humidity 
case of AH8.9, a thick width of waveforms is observed, 
and the diode output oscillates periodically at 225[Hz] 
as shown in Fig.4b, where the time axis is enlarged. For 
this case, the mean intensity of the penetrated laser 
beam is reduced to 48% of that before the start and the 
peak to peak of its amplitude reaches as large as 65%. 
The origin of this large oscillation is related to the 
condensation process of water vapor present in the air 
near the supersonic throat. Also, it may be inferred that 
the high frequency selectivity of the oscillation is 
characteristic of a self-sustained oscillation.  
For cases less than AH1.9, the photodiode output is 
observed to be virtually constant, except during the 





Fig. 4.  Characteristic properties of permeated laser beam 
against humidity before and after the blow. (a) Comparison of 
photo-diode outputs, (b) Diode output in enlarged time scale 
in case of AH8.9, (c) Permeated beam ratio against absolute 
humidity, (d) Condensation-oscillation frequency against 
absolute humidity, (e) Condensation oscillation frequency 
against relative humidity. 
Figure 4c shows a plot of the photodiode output against 
absolute humidity together with a straight line obtained 
from the least squares method. The intensity of the 
penetrated laser beam linearly increases as absolute 
humidity decreases. Figure 4c also shows that the beam 
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is completely intercepted by condensation in the case of 
absolute humidity larger than AH18, whereas for the 
case of absolute humidity less than AH2, no beam 
scatter at all was observed.  
The periodic oscillation of condensation versus 
absolute humidity and relative humidity is illustrated in 
Fig.4d and 4e, respectively. The first appearance of 
periodic oscillation is observed for relative humidity 
larger than roughly 50% relative humidity as indicated 
by the waveforms shown in Fig.4a. Although periodic 
oscillation has no strong correlation with absolute hu- 
midity, it is expected that there is a certain relation- 
ship between oscillation frequency and relative humid- 
ity. To support this assertion, an empirical formula 
proposed by Matsuo et. al.1) is also plotted in Fig.4e. 
This formula provides that the condensation frequency 
varies as relative humidity raised to the power of 1.76, 
times the total temperature T0 to the power of 0.5, and 
exhibits good agreement with the present data 
assuming that T0 is held invariable, due to the fact that 
the variation of T0 is small in the present experiment.  
In order to measure the convective velocity of the 
condensation fluctuation in the streamwise direction, 
five pairs of the laser-photo diodes spaced at an interval 
of 45mm and aligned in the flow direction, were 
simultaneously acquired as shown in Fig.5.  In this 
figure, the photo diode output under the condition 
AH8.9 and RH78 (which is a case of the highest 
humidity in Fig.4a), is replotted for phase comparison.  
It should also be noted that the amplitudes of the five 
wave traces are evenly amplified, despite the fact that 
each photo-diode sensitivity to laser beam intensity is 
different. Nonetheless it is apparent that the phase of 
the diode outputs numbering from upstream to down- 
stream, gradually decreases. The difference in phase 
between signals was calculated by means of the 
cross-correlation function.   
 
Fig. 5 Simultaneously acquired output traces of arrayed photo 
diodes. 
As a result, the phase difference between the most 
upstream and the most downstream sensors is 0.356 
[ms] for a spatial separation of 180[mm], correspond- 
ing to a phase velocity of 505[m/s], which is almost 
equal to the main stream velocity obtained from the 
Pitot-static measurement. Taking into account the 
accuracy of the Pitot static-tube measurement affected 
by humidity, it could be concluded that condensation 
fluctuation propagates downstream, convected by the 
main flow. 
3.2 Static-fluctuation measurements on cone model 
  The previous results suggest that the oscillation of 
vapor condensation induces a static-pressure fluctua- 
tion in the test section and static-pressure fluctuation 
measurements using the 10-degree-aperture cone model 
are shown in Fig.6.  Four typical time traces from 
static-pressure sensors under different humidity condi- 
tions are shown in Fig.6a and the corresponding 




Fig. 6 Comparison of static-pressure fluctuation on cone 
model and photo-diode output against absolute humidity. (a) 
Waveforms of static-pressure fluctuations, (b) Power spectra 
of static-pressure fluctuations, (c) Power spectra of static- 
pressure fluctuation and photo-diode output. 
Since the waveforms are shifted for comparison, 
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All acquired analog data were stored in a data logger 
Model EZ-7510 supplied by NF Block, which has eight 
analog input ports with a resolution of 16 bits at the 
maximum sampling rate of 1MHz. For the present 
measurements, the sampling rate was set at either 
100[kHz] or 200[kHz] per channel. An anti-aliasing 
filter (Nippon Audio Model PGF-8, 100dB/Oct) for 
each analog input port was used with the one-half 
frequency of the sampling rate.  Acquired data from 
the unsteady pressure sensor and the photodiodes were 
reduced by the use of Matlab or Excel spreadsheet. 
 
3 Experimental results 
 
3.1 Evaluation of vapor condensation 
As shown in Fig. 2, laser beams, which vertically 
permeate through the Schlieren window at the test 
section, are received by photodiodes on the other side 
of the test section, and the photodiode outputs in DC 
coupling mode are stored on the Logger EZ7510. 
Figure 4a compares four typical waveforms of the 
diode outputs acquired at various atmospheric condi- 
tions; i.e. (AH2.9, RH52), (AH5.0, RH44), (AH6.6, 
RH52) and (AH8.9, RH78). The vertical axis indicates 
the intensity of the received beam and is arbitrary but 
permits a relative amplitude comparison between wave 
-forms. Also, the waveforms are arbitrarily shifted on 
the horizontal time axis in this figure.  
Prior to a given wind-tunnel blow, each waveform 
holds constant indicating no optical obstruction, but 
suddenly decreases at a certain time which corresponds 
to the starting time of the blow. Because the laser beam 
completely scattered initially, the photodiode output 
should be zero, showing that complete beam scatter in 
all cases is noticeable at the starting time. It is apparent 
that the light scatter is due to condensation of water 
vapors attendant in atmospheric air.    
For the case of (AH6.6, RH52), small but regular 
periodic fluctuations superimposed on the photodiode 
output before and after the start time are observable and 
attributable to the hum component 100[Hz], because 
room lighting was turned on during the blow.  
The four photodiode data plots shown in Fig.4 may 
be classified into two groups. For cases where AH is 
less than 6.6[g/m3], it may be seen that photodiode 
output is held constant for an interval of  0.4 seconds 
right after the start, indicating that supersonic flow was 
steadily established. However, for the highest humidity 
case of AH8.9, a thick width of waveforms is observed, 
and the diode output oscillates periodically at 225[Hz] 
as shown in Fig.4b, where the time axis is enlarged. For 
this case, the mean intensity of the penetrated laser 
beam is reduced to 48% of that before the start and the 
peak to peak of its amplitude reaches as large as 65%. 
The origin of this large oscillation is related to the 
condensation process of water vapor present in the air 
near the supersonic throat. Also, it may be inferred that 
the high frequency selectivity of the oscillation is 
characteristic of a self-sustained oscillation.  
For cases less than AH1.9, the photodiode output is 
observed to be virtually constant, except during the 





Fig. 4.  Characteristic properties of permeated laser beam 
against humidity before and after the blow. (a) Comparison of 
photo-diode outputs, (b) Diode output in enlarged time scale 
in case of AH8.9, (c) Permeated beam ratio against absolute 
humidity, (d) Condensation-oscillation frequency against 
absolute humidity, (e) Condensation oscillation frequency 
against relative humidity. 
Figure 4c shows a plot of the photodiode output against 
absolute humidity together with a straight line obtained 
from the least squares method. The intensity of the 
penetrated laser beam linearly increases as absolute 
humidity decreases. Figure 4c also shows that the beam 
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these amplitudes are comparable in each other. Also, 
corresponding power spectra also are shifted by +15 dB 
on the basis of the case of (AH1.9, RH38). A static 
pressure fluctuation for the case of the highest humidity 
(AH8.9, RH78) was previously illustrated in Fig.4 and 
is compared with the laser-photo diode measurements. 
It is expected that static-pressure fluctuation for the 
lowest humidity case (AH1.9, RH38) in terms of both 
absolute humidity and relative humidity, should be the 
smallest in amplitude. This result is consistent with the 
spectral analysis, indicating that there are no peculiar 
spectral components in the whole frequency range and 
spectral components tend to monotonically decrease as 
frequency is increased. For this case, the ratio of the 
intensity of the static-pressure fluctuation to the 
dynamic pressure is less than 0.1[%] as will be 
discussed later. On the other hand, for the case of the 
highest absolute humidity, the static pressure is 
observed to fluctuate periodically, and the peak to peak 
of the fluctuation reaches approximately 1[%] dynamic 
pressure. Also, spectral analysis of this fluctuation 
reveals discrete components corresponding to 225[Hz] 
and higher harmonics. The fact that this frequency 
agrees with that obtained from the laser-photo diode 
measurement suggests that the self-sustained oscillation 
due to condensation directly affects static pressure in 
the test section. For further confirmation, the spectrum 
of the photo-diode output is compared with that of 
static-pressure fluctuation in Fig.6c, where it is 
apparent that the periodic oscillations, including higher 
harmonic components are closely correlated with the 
AEDC cone measurements. Perhaps the most interest- 
ing point, however, is that except for these periodic 
oscillations, the baseline of the spectral components 
shows no difference between them, i.e. there are no 
irregular components present in the photo-diode output 
of Fig.5. This phenomenon is different from the other 
two cases of humidity level, without self-sustained 
oscillation due to condensation shown in Fig.4. 
For the two cases of (AH2.9, RH52) and (AH2.9, 
RH62), which are the same absolute humidity, but 
different relative humidity, no clouded contamination 
was visibly perceivable and the laser intensity was 
reduced to -5[%] under (AH2.9, RH52), while for 
(AH2.9, RH62) no reduction in laser intensity occurs. 
The common phenomenon is spiky signals overriding 
on top of fluctuating static-pressure waveforms, 
indicating that spiky signals are more prevalent for 
lower relative humidity flow, rather than the higher 
case. As a consequence, a comparison of the spectra 
shown in Fig.6 shows that static-pressure fluctuation 
over the frequency range of 1-30 [kHz] is high 
compared with the other two cases as aforementioned. 
This suggests that such spiky signals not observed in 
the other two cases contribute to raising fluctuation 
components in the frequency range of 1-30[kHz]. The 
pulse width of the spiky signal is roughly 0.2[ms] to 
0.5[ms] which corresponds to 120 to 240[mm] in the 
streamwise direction assuming that the flow velocity 
along the cone is roughly the same as that of the main 
flow (500[m/s]). The origin of fluctuations with this 
spatial scale may be inferred as follows: when tiny ice 
particles generated near the supersonic nozzle under 
high humidity conditions pass the conical shock wave 
at the tip of the cone model, a phase change from ice to 
liquid occurs, and the resulting liquid particles are 
retarded because of the endothermic latent heat process, 
which results in an increase of the static pressure. 
Therefore, it can be inferred that when phase changing 
particles pass near the pressure port, a positive pressure 
rise occurs. On the other hand, under the high humidity 
conditions which accompany self-sustained oscillation, 
the phase change of ice particles synchronizing with the 
oscillatory condensation, does not contribute to an 
increase of fluctuations in the 1-30[kHz] frequency 
range. In order to confirm the above speculation, 
simultaneous measurements of static pressure together 
with a hot-wire anemometer installed slightly down- 
stream of the static pressure port are planned in the 
future. Also, in the case of (AH2.9, RH52), the output 
from the photo diodes sometimes indicates falling 
pulses, which may be ascribed to the passage of ice 
particles through the laser beam. 
The RMS values of static-pressure fluctuation 
against absolute humidity and relative humidity are 
illustrated in Fig.7. The results show that as absolute 
humidity and/or relative humidity are decreased, 
pressure fluctuation level tends to decrease. It does not 
seem, however, that the level of static-pressure 
fluctuation is correlated with either absolute humidity 
or relative humidity. Nevertheless, Figure 7 shows that 
below AH2.0 a fluctuation level of 0.1% of the 
dynamic pressure of the flow obtains in the Muroran 
district in winter, which is generally regarded to be a 
quiet supersonic flow13).  Under such low humidity at- 
mospheric conditions as well as under the compara- 
tively high humidity condition accompanying conden- 
sation oscillation, an experimental study regarding 3-D 
boundary-layer transition was conducted to document 
the effect of humidity on such a transition process. 
3.3 Transition study on 3-D boundary layer 
Surface-oil flow pattern on a yawed circular cylinder 
model is shown in Fig.8a for the case of (AH2.9, 
RH56). Although the flow quality did not satisfy the 
quiet supersonic flow condition with a static pressure 
fluctuation below 0.1[%] of dynamic pressure, Figure 
8a is one of several captured snapshots, showing 
comparatively clear striations. The visualized region is 
downstream 30 degrees from the attachment line, be- 
cause the flow near the critical point for the cross-flow 
instability is hypersensitive to surface roughness, 
resulting in triggering a row of stationary vortices. The 
1mm scale and the azimuthal-angle scale from the 
attachment line are taken at the upper portion and at the 
right hand in the picture, respectively. Many striations 
downstream of  40 are visible. 
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Fig. 7  Comparison of static-pressure fluctuation RMS, (a) 
Static-pressure fluctuation RMS against absolute humidity, 
(b) Static-pressure fluctuation RMS against relative humidity. 
 
  The wavelength along the white line parallel to the 
attachment line at  50  was calculated by digital 
image analysis as shown in Fig.8b. This result shows 
 
Fig. 8  Three-dimensional boundary layer transition on 
yawed cylinder model under (AH2.6, RH52), (a) Visualized 
pattern by surface-oil flow technique, (b) Spectrum by means 
of image analysis along white line at  50 in Fig.8a. 
 
approximately  =0.9[mm], while compressible linear 
stability analysis14) under the present experimental 
condition predicts this wavelength to be 0.82[mm]. 
Good agreement between experiment and analysis 
suggests that the striations may be attributable to the 
action of a row of stationary vortices originating from a 
cross-flow instability.  
On the other hand, for the case of AH6.9 which is 
accompanied with the aforementioned self-sustained 
oscillation, video image visualized surface flow shows 
that although streaks were slightly visible at the 
incipient time of the blow, eventually the stationary 
structure disappeared by the end of the blow, as shown 
in Fig.9. It is suggestively shown that high free-stream 
disturbance flow is unfavorable for the growth of the 
stationary cross-flow mode.  
Also, a traveling cross-flow mode under the 
extremely low humid environment was observed by 
means of hot-wire anemometer measurements and also 
compared with stability analysis. This time-dependent 
modes peaking at approximately 60kHz and growing 
downstream as shown in Fig.10a may be identified 
with the cross-flow instability mode14). 
 
Fig. 9  Surface-oil flow pattern under absolute humidity of 
6.9[g/cm3],  (a) Flow pattern at two seconds after blow , (b) 
Flow pattern at six seconds after blow. 
 
However, for the case of even slightly high humidity 
condition (AH2.12, RH60), similar hot-wire measure- 
ment at  60 does not show the signature of the 
traveling mode, suggesting that the cross-flow in- 
stability is hypersensitive to free-stream turbulence. 
Under much higher humid condition (AH2.46, RH72), 
no distinct components are also observed as shown in 
Fig. 10b, in spite of growth of continuous components 
over wide range of frequency. Thus, since the influence 
of the free-stream noise level as well as the content of 
the free-stream noise is quite complex in the process of 




Fig.10 Power spectra of hot-wire anemometer output at 
various azimuthal position of the attachment line of yawed 
circular cylinder, (a) Power spectra of hot-wire anemometer 
output at various azimuthal positions and (b) Power spectra of 
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these amplitudes are comparable in each other. Also, 
corresponding power spectra also are shifted by +15 dB 
on the basis of the case of (AH1.9, RH38). A static 
pressure fluctuation for the case of the highest humidity 
(AH8.9, RH78) was previously illustrated in Fig.4 and 
is compared with the laser-photo diode measurements. 
It is expected that static-pressure fluctuation for the 
lowest humidity case (AH1.9, RH38) in terms of both 
absolute humidity and relative humidity, should be the 
smallest in amplitude. This result is consistent with the 
spectral analysis, indicating that there are no peculiar 
spectral components in the whole frequency range and 
spectral components tend to monotonically decrease as 
frequency is increased. For this case, the ratio of the 
intensity of the static-pressure fluctuation to the 
dynamic pressure is less than 0.1[%] as will be 
discussed later. On the other hand, for the case of the 
highest absolute humidity, the static pressure is 
observed to fluctuate periodically, and the peak to peak 
of the fluctuation reaches approximately 1[%] dynamic 
pressure. Also, spectral analysis of this fluctuation 
reveals discrete components corresponding to 225[Hz] 
and higher harmonics. The fact that this frequency 
agrees with that obtained from the laser-photo diode 
measurement suggests that the self-sustained oscillation 
due to condensation directly affects static pressure in 
the test section. For further confirmation, the spectrum 
of the photo-diode output is compared with that of 
static-pressure fluctuation in Fig.6c, where it is 
apparent that the periodic oscillations, including higher 
harmonic components are closely correlated with the 
AEDC cone measurements. Perhaps the most interest- 
ing point, however, is that except for these periodic 
oscillations, the baseline of the spectral components 
shows no difference between them, i.e. there are no 
irregular components present in the photo-diode output 
of Fig.5. This phenomenon is different from the other 
two cases of humidity level, without self-sustained 
oscillation due to condensation shown in Fig.4. 
For the two cases of (AH2.9, RH52) and (AH2.9, 
RH62), which are the same absolute humidity, but 
different relative humidity, no clouded contamination 
was visibly perceivable and the laser intensity was 
reduced to -5[%] under (AH2.9, RH52), while for 
(AH2.9, RH62) no reduction in laser intensity occurs. 
The common phenomenon is spiky signals overriding 
on top of fluctuating static-pressure waveforms, 
indicating that spiky signals are more prevalent for 
lower relative humidity flow, rather than the higher 
case. As a consequence, a comparison of the spectra 
shown in Fig.6 shows that static-pressure fluctuation 
over the frequency range of 1-30 [kHz] is high 
compared with the other two cases as aforementioned. 
This suggests that such spiky signals not observed in 
the other two cases contribute to raising fluctuation 
components in the frequency range of 1-30[kHz]. The 
pulse width of the spiky signal is roughly 0.2[ms] to 
0.5[ms] which corresponds to 120 to 240[mm] in the 
streamwise direction assuming that the flow velocity 
along the cone is roughly the same as that of the main 
flow (500[m/s]). The origin of fluctuations with this 
spatial scale may be inferred as follows: when tiny ice 
particles generated near the supersonic nozzle under 
high humidity conditions pass the conical shock wave 
at the tip of the cone model, a phase change from ice to 
liquid occurs, and the resulting liquid particles are 
retarded because of the endothermic latent heat process, 
which results in an increase of the static pressure. 
Therefore, it can be inferred that when phase changing 
particles pass near the pressure port, a positive pressure 
rise occurs. On the other hand, under the high humidity 
conditions which accompany self-sustained oscillation, 
the phase change of ice particles synchronizing with the 
oscillatory condensation, does not contribute to an 
increase of fluctuations in the 1-30[kHz] frequency 
range. In order to confirm the above speculation, 
simultaneous measurements of static pressure together 
with a hot-wire anemometer installed slightly down- 
stream of the static pressure port are planned in the 
future. Also, in the case of (AH2.9, RH52), the output 
from the photo diodes sometimes indicates falling 
pulses, which may be ascribed to the passage of ice 
particles through the laser beam. 
The RMS values of static-pressure fluctuation 
against absolute humidity and relative humidity are 
illustrated in Fig.7. The results show that as absolute 
humidity and/or relative humidity are decreased, 
pressure fluctuation level tends to decrease. It does not 
seem, however, that the level of static-pressure 
fluctuation is correlated with either absolute humidity 
or relative humidity. Nevertheless, Figure 7 shows that 
below AH2.0 a fluctuation level of 0.1% of the 
dynamic pressure of the flow obtains in the Muroran 
district in winter, which is generally regarded to be a 
quiet supersonic flow13).  Under such low humidity at- 
mospheric conditions as well as under the compara- 
tively high humidity condition accompanying conden- 
sation oscillation, an experimental study regarding 3-D 
boundary-layer transition was conducted to document 
the effect of humidity on such a transition process. 
3.3 Transition study on 3-D boundary layer 
Surface-oil flow pattern on a yawed circular cylinder 
model is shown in Fig.8a for the case of (AH2.9, 
RH56). Although the flow quality did not satisfy the 
quiet supersonic flow condition with a static pressure 
fluctuation below 0.1[%] of dynamic pressure, Figure 
8a is one of several captured snapshots, showing 
comparatively clear striations. The visualized region is 
downstream 30 degrees from the attachment line, be- 
cause the flow near the critical point for the cross-flow 
instability is hypersensitive to surface roughness, 
resulting in triggering a row of stationary vortices. The 
1mm scale and the azimuthal-angle scale from the 
attachment line are taken at the upper portion and at the 
right hand in the picture, respectively. Many striations 
downstream of  40 are visible. 
－　68　－
Shohei TAKAGI, Takuya UEMURA, Yutaka HIRATA and Kosuke TAKADA 
- 68 - 
4 Conclusion 
 
The main flow of an indraft supersonic wind tunnel 
drawing air in from the ambient atmosphere is 
contaminated by the condensation of moisture present 
in the incoming air and the resulting flow properties are 
sensitive to atmospheric humidity. In order to quanti- 
tatively evaluate the influence of humidity at Mach 2 in 
the indraft supersonic wind tunnel located at the 
Muroran Institute of Technology, static-pressure fluctu- 
ations in the test section with the aid of a 10-degree- 
aperture cone model were measured. Also, moisture 
condensation was evaluated by the use of an array of 
laser-photo diodes beamed across the test section. 
Exploiting the characteristic feature that the cross-flow 
instability in 3-D boundary layers is hypersensitive to 
the flow properties, surface-oil flow visualizations and 
hot-wire measurements were employed to confirm the 
growth of stationary and traveling modes on the yawed 
circular cylinder. Several conclusions may be drawn 
from these investigations:  
1) The ratio of the static-pressure fluctuation level to 
dynamic pressure is less than 0.1% when absolute 
humidity is below 2.0[g/m3]. 
2) For absolute humidity in the range 2-6[g/m3], 
positive pressure pulses overriding the static-pressure 
fluctuations increase over the frequency range of 
1-30[kHz], with a spatial scale in the streamwise 
direction corresponding to 120-240[mm]. 
3) A train of positive pulses overriding the static- 
pressure fluctuation are ascribed to the passage of 
liquid particles accompanying latent heat release due 
to phase change from ice particles near the static 
-pressure port.  Such static-pressure pulses are 
attributable to the endothermic process associated 
with the ice particles changing to liquid particles 
when they pass through the conical shock wave 
formed at the tip of the cone model. 
4) Self-sustained oscillation due to liquid condensation 
occurs when an absolute humidity of 6[g/m3] and 
relative humidity of 50[%] and [90%] exists in the 
ambient air. 
5) Condensation oscillation results in increase of the 
static-pressure fluctuation in the test section. 
6) Condensation oscillation advects with the main 
stream in the test section. 
7) Under low absolute humidity conditions and the 
attendant low-turbulence environment, the stationary 
and traveling cross-flow modes on the yawed circular 
cylinder surface was observable, as predicted by 
compressible linear stability analysis. 
8) For the case of slightly high humid environment 
compared with the previous case, growth of the 
traveling mode is suppressed, while free-stream 
turbulence flow with the accompanying self- 
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Abstract 
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(SMA-BCON). As for STEM boom study, the static shape of Bi-STEM is firstly obtained by contact 
analysis between inner and outer shells. Then, the dynamic behavior of the Bi-STEM is examined by 
transient analysis. As for SMA-BCON boom study, the deployment behavior is evaluated using 
handmaid conceptual model. The stepwise deployment behavior is achieved and the importance of 
synchronous deployments of each boom for the stable center body behavior is pointed out through 
deployment experiments. 
 









































 *1 室蘭工業大学 もの創造系領域 
 *2 室蘭工業大学 航空宇宙機システム研究センター 
 *3 室蘭工業大学 航空宇宙システム工学専攻 
 *4 室蘭工業大学 機械航空創造系学科卒業 
Shohei TAKAGI, Takuya UEMURA, Yutaka HIRATA and Kosuke TAKADA 
- 68 - 
4 Conclusion 
 
The main flow of an indraft supersonic wind tunnel 
drawing air in from the ambient atmosphere is 
contaminated by the condensation of moisture present 
in the incoming air and the resulting flow properties are 
sensitive to atmospheric humidity. In order to quanti- 
tatively evaluate the influence of humidity at Mach 2 in 
the indraft supersonic wind tunnel located at the 
Muroran Institute of Technology, static-pressure fluctu- 
ations in the test section with the aid of a 10-degree- 
aperture cone model were measured. Also, moisture 
condensation was evaluated by the use of an array of 
laser-photo diodes beamed across the test section. 
Exploiting the characteristic feature that the cross-flow 
instability in 3-D boundary layers is hypersensitive to 
the flow properties, surface-oil flow visualizations and 
hot-wire measurements were employed to confirm the 
growth of stationary and traveling modes on the yawed 
circular cylinder. Several conclusions may be drawn 
from these investigations:  
1) The ratio of the static-pressure fluctuation level to 
dynamic pressure is less than 0.1% when absolute 
humidity is below 2.0[g/m3]. 
2) For absolute humidity in the range 2-6[g/m3], 
positive pressure pulses overriding the static-pressure 
fluctuations increase over the frequency range of 
1-30[kHz], with a spatial scale in the streamwise 
direction corresponding to 120-240[mm]. 
3) A train of positive pulses overriding the static- 
pressure fluctuation are ascribed to the passage of 
liquid particles accompanying latent heat release due 
to phase change from ice particles near the static 
-pressure port.  Such static-pressure pulses are 
attributable to the endothermic process associated 
with the ice particles changing to liquid particles 
when they pass through the conical shock wave 
formed at the tip of the cone model. 
4) Self-sustained oscillation due to liquid condensation 
occurs when an absolute humidity of 6[g/m3] and 
relative humidity of 50[%] and [90%] exists in the 
ambient air. 
5) Condensation oscillation results in increase of the 
static-pressure fluctuation in the test section. 
6) Condensation oscillation advects with the main 
stream in the test section. 
7) Under low absolute humidity conditions and the 
attendant low-turbulence environment, the stationary 
and traveling cross-flow modes on the yawed circular 
cylinder surface was observable, as predicted by 
compressible linear stability analysis. 
8) For the case of slightly high humid environment 
compared with the previous case, growth of the 
traveling mode is suppressed, while free-stream 
turbulence flow with the accompanying self- 
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れぞれの STEM が分離しないように先端開口部を


























する STEM ブームの適用が検討されている（図 1）． 
 
(a) Uni-STEM         (b) Bi-STEM 




























3 非線形静解析による Bi-STEM の形状取得 
 
3.1 Uni-STEM 解析モデルの作成 
Bi-STEM の構成要素は，薄肉開断面伸展梁



















図 2 Uni-STEM 先端ビス 
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表 1 解析に用いた三軸織 CFRP の材料物性値 





 𝜌𝜌 [kg/m3] 
15.035 0.499 999 
 
図 3 薄肉円形開断面梁の形状寸法 
 
図 4 各節点のサイクロイド経路（X>0 の部分のみ） 
 
図 5 Uni-STEM の静的形状 
 





によって Bi-STEM の静的形状を求める(図 6)．なお，
Bi-STEM の先端ビスを模擬するために，図 7 (b) の
ように 6 つの硬いばね要素（𝑘𝑘 = 1.0 × 104[N m⁄ ]）
を用いて開口部付近の節点を結合する．Bi-STEM
解析モデルの作成手順を以下に示すとともに，得




板を作成する．また，あらかじめ図 7 (b) のよ
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(a) 静的形状完成前         (b) 静的形状完成後 
図 7 ばね要素による先端ビスの模擬 
 
 
図 8 Bi-STEM の静的形状 
 











また表 2 に時刻歴応答解析の解析条件を示す． 
図 9 に各摩擦係数に対する Bi-STEM 先端変位の
時刻歴応答曲線を示す．摩擦係数の違いにより振
動波形が規則的に変化していることがわかる． 
















図 9 先端変位の時間履歴（初期変位𝑦𝑦0 = −1.0 [mm]） 
 
図 10 振動周期の摩擦依存性 
 





































































表  時刻歴応答解析の解析条件 
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7 SMA-BCOM ブームの概念モデル設計・製作 
 
7.1 SMA-BCON ブームの概念モデル 
SMA-BCON ブームの概要を図 12 に示す．変形部
















た．製作後の SMA-BCON ブームを図 13 に示す． 
 
 
図 12 SMA-BCON ブームの概念図 
 
図 13 製作後の SMA-BCON Boom 
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7.2 収納部の製作と展開構造物の概念モデル 






した展開構造物の概念モデルを図 14 に示す． 
 
(a) 実験装置の概要    (b) ブーム収納状態 
図 14 SMA-BCON ブームの展開実験モデル 
 
8 SMA-BCON ブームの展開実験 
 
8.1 SMA-BCON ブームのみによる展開実験 
7 章で述べた概念モデルを用いて展開実験を行っ
た．図 12 にあるように，1 本のブームに SMA は
2 か所あるため 2 段階の展開となる．ブームは全部
で 4 本あるため，SMA を加熱するニクロム線は全























15 (b)）．図 15 (a)においては，ブーム長が短いた
め反力が小さいことも原因ではあるが，赤線で示
した Boom 2 以外が同期的に展開しているため，
展開完了時の反力が小さくなったと考えられる． 
 
(a) 1段階目 展開 
 
(b) 2段階目 展開 
図 15 SMA-BCON ブームのみの展開実験結果 
（供給電圧：10V） 
これらの考察は Case 1, 2, 3 のすべてに共通した




急上昇した 20 秒後以降，Boom 4 のみ他のブーム
表 3 ブームのみの展開実験における供給電圧，電力値
 1段階目 2段階目 
Boom 1,2 Boom 3,4 Boom 1,2 Boom 3,4 
供給電圧または電力
Case 1 6.3 V 8.0 V 7.6 V 7.3 V 
Case 2 10 V 10 V 10 V 10 V 
Case 3 10 W 10 W 10 W 10 W 
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ルを張ったパターン 3 の展開挙動を図 17 に，また
実験結果を図 18 に示す． 




(b)の Boom 2（赤色）において，隣り合う Boom 1
（水色）の展開が先に行われたことにより，Boom 
2 の展開も同調したと考えられる．その挙動が図




で Boom 3 に引き寄せられて急激に展開したと考
えられる（図 18 (b) 50 ~ 60 [s]）． 
 
(a) 1 段階目 展開 
 
(b) 2段階目 展開 
図 18 展開実験結果（3 本のケーブルの場合） 
(a) Initial Condition     (b) 1st step no.1          (c) 1st step no.2          (d) 1st step no.3 
(e) 2nd step no.1       (f) 2nd step no.2           (g) 2nd step no.3          (h) 2nd step no.4 
図 17 各ブームの展開挙動 
勝又 暢久，樋口 健，大加瀬 容平，貝森 政明 
- 74 - 
7.2 収納部の製作と展開構造物の概念モデル 






した展開構造物の概念モデルを図 14 に示す． 
 
(a) 実験装置の概要    (b) ブーム収納状態 
図 14 SMA-BCON ブームの展開実験モデル 
 
8 SMA-BCON ブームの展開実験 
 
8.1 SMA-BCON ブームのみによる展開実験 
7 章で述べた概念モデルを用いて展開実験を行っ
た．図 12 にあるように，1 本のブームに SMA は
2 か所あるため 2 段階の展開となる．ブームは全部
で 4 本あるため，SMA を加熱するニクロム線は全























15 (b)）．図 15 (a)においては，ブーム長が短いた
め反力が小さいことも原因ではあるが，赤線で示
した Boom 2 以外が同期的に展開しているため，
展開完了時の反力が小さくなったと考えられる． 
 
(a) 1段階目 展開 
 
(b) 2段階目 展開 
図 15 SMA-BCON ブームのみの展開実験結果 
（供給電圧：10V） 
これらの考察は Case 1, 2, 3 のすべてに共通した




急上昇した 20 秒後以降，Boom 4 のみ他のブーム
表 3 ブームのみの展開実験における供給電圧，電力値
 1段階目 2段階目 
Boom 1,2 Boom 3,4 Boom 1,2 Boom 3,4 
供給電圧または電力
Case 1 6.3 V 8.0 V 7.6 V 7.3 V 
Case 2 10 V 10 V 10 V 10 V 
Case 3 10 W 10 W 10 W 10 W 
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9 SMA-BCON ブームに関する研究のまとめ 
 
形状記憶合金の形状回復力を用いた展開力制御
可能な BCON ブームとして，SMA-BCON ブーム
を提案した．曲率を有する SMA 板材を 2 枚組み合






































(1) Ken Higuchi et al.: Design and Evaluation of an 
Ultra-light Extendible Mast as an Inflatable Structure, 
AIAA 006-1809, SDM, USA, (2006.5). 
(2) Ken Higuchi et al.: Verification of Practical Use of an 
Inflatable Structure in Space, Trans. JSASS Space 
Tech. Japan, Vol.7, No.ists26, pp.Tc7-Tc11, (2009). 
(3) Yoshiro Ogi et al.: Effect of Attachment Errors of 
Flexible Appendages on the Spin Axis of a Rigid Body, 




第 56 回宇宙科学技術連合講演会，2O07，2012 年
10 月，別府． 
(6) 渡邊秋人，他，「組紐被覆ブームの軽量化検討」，




Mem. Muroran Inst. Tech., 64 (2014) 77-84 
- 77 - 
 
Surface Shape Measurement by Grating Projection Method in 
Aerospace Structures 
 
Ken HIGUCHI*1*2, Motoharu FUJIGAKI*3, Takayuki SHIOKAWA*4,  
Naoko KISHIMOTO*5, and Takashi IWASA*6 
 
(Received 28th November 2014, Accepted 22nd January 2015) 
 
Abstract 
To improve the accuracy of the grating projection method of a surface shape measurement method 
without contact, several attempts are proposed and verified.  A whole-space tabulation method 
(WSTM) is demonstrated to measure a translucent glittering metallic mesh of a parabolic antenna for 
a radio astronomy satellite.  A transparence method of the grating projection method is proposed to 
measure a glossy polymer film often used in space structures.  An extrapolation method is proposed 
to measure a larger object than the reference planes.  A pre-calibration can be used to adjust the 
measured value to the real values.  The extrapolation method and the pre-calibration are 
demonstrated to measure a displacement of a wing of a developing airplane under loading. 
 
Keywords: Surface Shape Measurement, Grating projection method, Whole-space tabulation method, 






1  INTRODUCTION 
 
  Precise large aerospace structures have been required 
for future and contemporary aerospace mission.  
Especially, space structures need to be measured in situ 
on orbit precisely.  Even in the case of the 
development phase of them on the earth, they have to 
be measured repeatedly within the rigorous accuracy 
requirement.  They are often membrane structures or 
metallic mesh structures due to the requirements of 
light-weight and compactness during the transportation.  
Airplane surface also consists of flat planes and curved 
planes, and the large surface shape and the 
displacement under loading have to be measured easily 
with high precision.   
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  A photogrammetric measurement using grating 
projection method1),2) is a prospective candidate to 
satisfy such requirement.  The grating projection 
method can measure the three-dimensional coordinates 
of an object by a pixel-to-pixel basis.  So, the method 
can provide the surface shape of the object with a 
greatly high spatial resolution.  The effectiveness is to 
investigate by measuring several aerospace structures 
in this paper.   
 
 
2  MEASUREMENT PRINCIPLE 
 
2.1  General principle of grating projection method 
and Whole-space tabulation method used for mesh 
measurement 
  Optical methods for performing surface profile 
measurements have been extensively studied3),4).  A 
grating projection method is often used as a technique 
to measure the shape of an object without contact. 
Several phase analysis methods for grating projection 
method have been proposed5)-7). 
  The calibration method is important for accurate 
shape measurement.  Therefore, several methods that 
use a reference plane or planes for calibration have 
been proposed for accurate shape measurement8)-12).  
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Some of the authors also proposed a whole-space 
tabulation method (WSTM)13)-15) that uses reference 
plane repeatedly.  This method excludes lens 
distortion and the intensity warping of the projected 
grating in measurement results theoretically. 
  In this study, the authors applied the WSTM to 
measure a translucent metallic mesh object.  The 
specimen is an extendible large-scaled antenna used for 
radio astronomy satellite ASTRO-G, which is a space 
radio telescope in Japan.  A grating pattern naturally 
transmits the translucent mesh object.  The 
unnecessary transmitted grating pattern is taken by the 
camera, too.  The transmitted grating pattern image 
and the reflected grating pattern from the surface of the 
object are superposed, and this causes measurement 
errors.  This chapter describes an optical setup that 
avoids this problem. 
  Figure 1 shows the principle of the calibration of the 
grating projection method.  Figure 2 shows schemata 
of the calibration tables of z coordinates from phase q, 
used in the WSTM.  The phase interval of the table 
elements is chosen according to the required resolution 
of the coordinates. The coordinate of each table 
element is produced by interpolation. 
 
 
Fig. 1 Principle of the calibration method using 
whole-space tabulation 
 
Fig. 2 Schema of calibration tables used to 
z-coordinates from phase q 
 
  The phase shifting method using Fourier transform 
(PSM/FT)15) is useful for analyzing the phase of a 
projected grating for the following reasons. 
1) The phase can be obtained from the change in 
brightness at a point regardless of the shape of a 
3-D object. 
2) The original pattern of an object does not influence 
the phase. 
3) The accuracy is high because of the elimination of 
noise including that in high frequency components. 
To expand measurable range, phases are applied 
unwrapping method16). 
 
2.2  Optical setup of mesh object 
  Figure 3 shows the optical setup of the measurement 
system. The distance from the camera to flat plane is 
2,300 mm.  The distance from the camera to the 
projector is 1,300 mm. The backlight is a switch for the 
fixed 2-D grating. When the switch is turned off, the 
fixed 2-D grating disappears. When the switch is turned 
on, the fixed 2-D grating appears.  One of the 
purposes of the experiments was to confirm the 
measurement precision of the 90% light-permeable 
object.  Phases are obtained even if the coordinate is 
out of measurable range on the back wall.  
Distinguishing the thing from the range where phase 
can be measured on the background is not possible. 
Using these phase distribution, wrong coordinates 
coexists with right coordinates.  Figure 4 shows the 
panel setting for measurements of translucent object.  
The shadow of the panel avoids the background 
associated with using the panel. 
 
 
Fig. 3 Optical setup 
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Fig. 4 Panel setting for measurement of translucent 
object  
 
2.3  Shape measurement of mesh object with step 
model 
  Figure 5 shows a sample mesh object with known 
step distance.  Figure 6 shows a step height 
distribution of the step mesh model.  The red 
rectangular areas on each step in Fig. 6 are analysis 
areas.  Images are thinned out from a size of 1600 x 
1200 pixels to a size of 400 x 300 pixels.  The table 
elements in the WSTM are divided into 1,200 elements, 
each 125 mm in size.  Table 1 shows height 
distribution chart of the step mesh model.  Table 1 
shows the comparison of the z distribution at marker 
position son the mesh surface measured by a laser 
displacement meter.  The translucent metallic mesh 
can be measured by the grating projection method. 
 
 




Fig. 6 Height distribution image of Fig. 5 
 
Table 1 Comparison of height between proposed 




















0.05 5.29 0.00 4.96 
Standard 
Deviation 






2.4  Shape measurement of mesh parabolic 
antenna 
  A parabolic antenna used for a satellite is made of a 
translucent metallic mesh.  The precise measurement 
of the profile irregularity of the parabolic antenna 
surface is important.  
  The aim of this experiments is to measure the mesh 
parabolic antenna.  Figure 7 shows the mesh parabolic 
antenna object.  Figure 8 shows a gratings image of 
the translucent and glittering metallic mesh parabola.  
Figure 10 shows an analytical photographic image of a 
parabolic mesh antenna.  Figure 10 shows the phase 
distribution of Fig. 8.  This phase distribution was 
obtained by PSM/FT with 10 and 16 pitches.  Figure 
11 shows a 3D model of the image featured in Fig. 8.  
Figure 12 shows a height distribution image of Fig. 8 
by color.  Figure 13 shows height distribution shown 
as lines A, B, C illustrated in Fig. 12.  The x position 
of the bottom line ranges from -750mm to 750mm.  
The size of sample mesh and radio wave test model is 
1.5m x 1.5m.  Line A shown in Figs. 12 and 13 is 
upper area of antenna.  Line B shown in Figs. 12 and 
13 is middle area of antenna.  Line C shown in Figs. 
12 and 13 is neat to the bottom of the antenna.  
Measurement accuracy of this experiment is almost the 
same as experiment of section 2.3.  Because of the 
optical setup of the measurement system is the same as 
experiment of section 2.3.  Figure 14 shows height 
distributions comparison of a laser displacement meter 
to WSTM of the mesh parabolic antenna object. 
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Some of the authors also proposed a whole-space 
tabulation method (WSTM)13)-15) that uses reference 
plane repeatedly.  This method excludes lens 
distortion and the intensity warping of the projected 
grating in measurement results theoretically. 
  In this study, the authors applied the WSTM to 
measure a translucent metallic mesh object.  The 
specimen is an extendible large-scaled antenna used for 
radio astronomy satellite ASTRO-G, which is a space 
radio telescope in Japan.  A grating pattern naturally 
transmits the translucent mesh object.  The 
unnecessary transmitted grating pattern is taken by the 
camera, too.  The transmitted grating pattern image 
and the reflected grating pattern from the surface of the 
object are superposed, and this causes measurement 
errors.  This chapter describes an optical setup that 
avoids this problem. 
  Figure 1 shows the principle of the calibration of the 
grating projection method.  Figure 2 shows schemata 
of the calibration tables of z coordinates from phase q, 
used in the WSTM.  The phase interval of the table 
elements is chosen according to the required resolution 
of the coordinates. The coordinate of each table 
element is produced by interpolation. 
 
 
Fig. 1 Principle of the calibration method using 
whole-space tabulation 
 
Fig. 2 Schema of calibration tables used to 
z-coordinates from phase q 
 
  The phase shifting method using Fourier transform 
(PSM/FT)15) is useful for analyzing the phase of a 
projected grating for the following reasons. 
1) The phase can be obtained from the change in 
brightness at a point regardless of the shape of a 
3-D object. 
2) The original pattern of an object does not influence 
the phase. 
3) The accuracy is high because of the elimination of 
noise including that in high frequency components. 
To expand measurable range, phases are applied 
unwrapping method16). 
 
2.2  Optical setup of mesh object 
  Figure 3 shows the optical setup of the measurement 
system. The distance from the camera to flat plane is 
2,300 mm.  The distance from the camera to the 
projector is 1,300 mm. The backlight is a switch for the 
fixed 2-D grating. When the switch is turned off, the 
fixed 2-D grating disappears. When the switch is turned 
on, the fixed 2-D grating appears.  One of the 
purposes of the experiments was to confirm the 
measurement precision of the 90% light-permeable 
object.  Phases are obtained even if the coordinate is 
out of measurable range on the back wall.  
Distinguishing the thing from the range where phase 
can be measured on the background is not possible. 
Using these phase distribution, wrong coordinates 
coexists with right coordinates.  Figure 4 shows the 
panel setting for measurements of translucent object.  
The shadow of the panel avoids the background 
associated with using the panel. 
 
 
Fig. 3 Optical setup 
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Fig. 4 Panel setting for measurement of translucent 
object  
 
2.3  Shape measurement of mesh object with step 
model 
  Figure 5 shows a sample mesh object with known 
step distance.  Figure 6 shows a step height 
distribution of the step mesh model.  The red 
rectangular areas on each step in Fig. 6 are analysis 
areas.  Images are thinned out from a size of 1600 x 
1200 pixels to a size of 400 x 300 pixels.  The table 
elements in the WSTM are divided into 1,200 elements, 
each 125 mm in size.  Table 1 shows height 
distribution chart of the step mesh model.  Table 1 
shows the comparison of the z distribution at marker 
position son the mesh surface measured by a laser 
displacement meter.  The translucent metallic mesh 
can be measured by the grating projection method. 
 
 




Fig. 6 Height distribution image of Fig. 5 
 
Table 1 Comparison of height between proposed 
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2.4  Shape measurement of mesh parabolic 
antenna 
  A parabolic antenna used for a satellite is made of a 
translucent metallic mesh.  The precise measurement 
of the profile irregularity of the parabolic antenna 
surface is important.  
  The aim of this experiments is to measure the mesh 
parabolic antenna.  Figure 7 shows the mesh parabolic 
antenna object.  Figure 8 shows a gratings image of 
the translucent and glittering metallic mesh parabola.  
Figure 10 shows an analytical photographic image of a 
parabolic mesh antenna.  Figure 10 shows the phase 
distribution of Fig. 8.  This phase distribution was 
obtained by PSM/FT with 10 and 16 pitches.  Figure 
11 shows a 3D model of the image featured in Fig. 8.  
Figure 12 shows a height distribution image of Fig. 8 
by color.  Figure 13 shows height distribution shown 
as lines A, B, C illustrated in Fig. 12.  The x position 
of the bottom line ranges from -750mm to 750mm.  
The size of sample mesh and radio wave test model is 
1.5m x 1.5m.  Line A shown in Figs. 12 and 13 is 
upper area of antenna.  Line B shown in Figs. 12 and 
13 is middle area of antenna.  Line C shown in Figs. 
12 and 13 is neat to the bottom of the antenna.  
Measurement accuracy of this experiment is almost the 
same as experiment of section 2.3.  Because of the 
optical setup of the measurement system is the same as 
experiment of section 2.3.  Figure 14 shows height 
distributions comparison of a laser displacement meter 
to WSTM of the mesh parabolic antenna object. 
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Fig. 7 Parabolic mesh antenna for radio wave test 
model for ASTRO-G satellite 
 
 
Fig. 8 Grating image of the mesh antenna 
 
 
Fig. 9 Phase distribution 
 
 
Fig. 10 Unwrapped phase distribution 
 
Fig. 11  3D-model of Fig.7 
 
Fig. 12 Height distribution coloring image of the 
parabola 
 














Fig. 14 Height distributions compare laser 
displacement meter and WSTM 
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3  TRANSPARENCE METHOD TO MEASURE 
GLOSSY FILM 
  Surface shape measurement by an optical method 
without contact should be applicable for a glossy 
surface, because space membrane structures are made 
of polymer film in many cases, and the surface is 
generally reflective and lambent.  Grating projection 
method needs to light the measurement object by a 
projector, and the reflected light is photographed, so the 
gloss reflection of polymer film can be the cause of 
measurement error.  The trial to utilize the grating 
pattern of the transmitted light through the object film 
is named here as ‘transparence method’ as against the 
normal ‘reflection method.’ 
  A surface shape of a suspended rectangular 
polyimide film is measured to utilize the transmitted 
light to prevent the gloss effects for the measurement.  
Polyimide is mostly used film material in space 
structures.  Figure 15(a) illustrates the apparatus 
set-up and the measurement result of the usual 
reflection method, and figure 15(b) shows the apparatus 
set-up and the measurement result of the proposed 
transparence method.  The induction of glossy part in 
the reflection method is avoided and the whole area can 




(a) Usual reflection method 
 
 
(b) Proposed transparence method 
Fig. 15 Measurement setup of glossy film 
 
4  EXTRAPOLATION MENTHOD TO 
MEASURE LARGE SUFFACE 
  In the case of a grating projection method, a 
measurement object has to be set between two 
reference planes, and the imaginary three-dimensional 
coordinates arise between the reference planes.  The 
coordinate values are calculated by a linear 
interpolation.  Therefore, the size of the measurable 
region is within the size of the reference planes.  In 
the case that a large space structure has to be measured, 
the constraint condition that the reference plane must 
be larger than the measurement object should be 
prevented in the practical usage in orbit.  The grating 
projection method needs two reference planes in 
principle, so an idea to put the measured object at the 
back of the two reference planes, and the 
three-dimensional coordinates of the object is 
calculated in an extrapolative manner.  The method to 
measure the object larger than the reference planes by 
arranging it at the back of the two reference planes is 
called here as ‘extrapolation method,’ and the method 
of usual setup by arranging the measurement object 
between the two reference planes is called here as 
‘interpolation method.’  The difference of the two 
setups is illustrated in Fig. 16. 
 
 
(a) Principle of interpolation method 
 
(b) Principle of extrapolation method 
Fig. 16 Arrangement of grating projection method 
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Fig. 7 Parabolic mesh antenna for radio wave test 
model for ASTRO-G satellite 
 
 
Fig. 8 Grating image of the mesh antenna 
 
 
Fig. 9 Phase distribution 
 
 
Fig. 10 Unwrapped phase distribution 
 
Fig. 11  3D-model of Fig.7 
 
Fig. 12 Height distribution coloring image of the 
parabola 
 














Fig. 14 Height distributions compare laser 
displacement meter and WSTM 
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Fig. 4 Panel setting for measurement of translucent 
object  
 
2.3  Shape measurement of mesh object with step 
model 
  Figure 5 shows a sample mesh object with known 
step distance.  Figure 6 shows a step height 
distribution of the step mesh model.  The red 
rectangular areas on each step in Fig. 6 are analysis 
areas.  Images are thinned out from a size of 1600 x 
1200 pixels to a size of 400 x 300 pixels.  The table 
elements in the WSTM are divided into 1,200 elements, 
each 125 mm in size.  Table 1 shows height 
distribution chart of the step mesh model.  Table 1 
shows the comparison of the z distribution at marker 
position son the mesh surface measured by a laser 
displacement meter.  The translucent metallic mesh 
can be measured by the grating projection method. 
 
 




Fig. 6 Height distribution image of Fig. 5 
 
Table 1 Comparison of height between proposed 
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2.4  Shape measurement of mesh parabolic 
antenna 
  A parabolic antenna used for a satellite is made of a 
translucent metallic mesh.  The precise measurement 
of the profile irregularity of the parabolic antenna 
surface is important.  
  The aim of this experiments is to measure the mesh 
parabolic antenna.  Figure 7 shows the mesh parabolic 
antenna object.  Figure 8 shows a gratings image of 
the translucent and glittering metallic mesh parabola.  
Figure 10 shows an analytical photographic image of a 
parabolic mesh antenna.  Figure 10 shows the phase 
distribution of Fig. 8.  This phase distribution was 
obtained by PSM/FT with 10 and 16 pitches.  Figure 
11 shows a 3D model of the image featured in Fig. 8.  
Figure 12 shows a height distribution image of Fig. 8 
by color.  Figure 13 shows height distribution shown 
as lines A, B, C illustrated in Fig. 12.  The x position 
of the bottom line ranges from -750mm to 750mm.  
The size of sample mesh and radio wave test model is 
1.5m x 1.5m.  Line A shown in Figs. 12 and 13 is 
upper area of antenna.  Line B shown in Figs. 12 and 
13 is middle area of antenna.  Line C shown in Figs. 
12 and 13 is neat to the bottom of the antenna.  
Measurement accuracy of this experiment is almost the 
same as experiment of section 2.3.  Because of the 
optical setup of the measurement system is the same as 
experiment of section 2.3.  Figure 14 shows height 
distributions comparison of a laser displacement meter 
to WSTM of the mesh parabolic antenna object. 
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  The extrapolation method will be suitable for 
practical use in space to measure a large structure, 
however, the measurement accuracy seems to be 
degraded by the extrapolation.  The proposition of the 
extrapolation method should be accompanied by some 
sort of accuracy improvement idea.  Two 
improvement strategies are put forward: a geometrical 
calculation method of coordinate values and a 
pre-calibration method. 
  In the case of interpolation method, the coordinate 
values are calculated by an assumption of linear 
relation between the phase of the sinusoidal gratings 
and the object position.  This assumption is beneficial, 
if the distance between the two reference planes is 
small and the measurement object is set within the two 
reference planes.  The assumption, however, does not 




Fig. 17 Geometrical calculation of position of object 
surface from phase of reflected gratings 
 
  A strategy to measure the object position precisely is 
based upon the geometrical calculation according to the 
strict definition of position.  The coordinate value of 
object can be determined geometrically, as shown in 
Fig.17, without any approximation.  This is true and 
applicable even for the object between the two 
reference planes as usual grating projection method, 
although usually a linear interpolation calculation to 
obtain the coordinate values is much easier than the 
geometrically strict calculation, as long as the linear 
interpolation can keep good accuracy. 
  A second improving strategy is the活用application 
of pre-calibration.  In the case of pre-calibration 
method, each known position is preliminary measured 
step by step, and the calibration table between the 
measured values and true values is made.  The 
measured object surface is calibrated with reference to 
the calibration table. 
  Figure 18 shows the correction degree of the 
pre-calibration values and the geometrical calculation 
in reference to the true values.  The geometrical 
calculation does not necessarily 必要need the 
pre-calibration even in the case of the extrapolation 
method, according to the accuracy requirement.  The 
pre-calibration method, however, is easy to apply 
without the rigorous geometrical calculation. 
 
 
Fig. 18 Pre-calibration and the correction table 
 
 
Fig. 19 Measurement example of a large object by the 
extrapolation method 
 
  Figure 19 shows the measurement example: the 
displacement measurement of a main wing of an 
aircraft under loading.  The aircraft is Oowashi No.1, 
which is a prototype under development aiming at 
supersonic flight in Muroran Institute of Technology, 
Aerospace Plane Research Center (APReC) as shown 
in Fig. 20.  The measured displacement is compared 
with the true value measured by a slide caliper, as 
shown in Figs. 21, 22 and table 2.  The accuracy is 
practically good enough.   
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Fig. 20 Oowashi No.1 prototype aircraft 
 
 
Fig. 21 Measurement points of displacement on the 
wing of an aircraft 
 
 
Fig. 22 Measurement results of displacement of  a 
wing under loading as a large plate structure by the 
extrapolation method  
 





5  CONCLUTIONS 
 
  The grating projection method can provide high 
accuracy to measure 3-D shape of even a translucent 
and glittering metallic object.  In this study, the 
WSTM was applied to measure precisely the shape of a 
translucent metallic mash antenna of parabolic surface 
used for a radio astronomy satellite.  The effectiveness 
of this method for shape measurement of such a surface 
nature object was confirmed in high precision, although 
the grating projection method was thought to be 
inappropriate for such an object of a translucent and 
glittering metallic mesh. 
  A surface shape of glossy polymer film often used in 
space structures can be measured by using the proposed 
transparence method of the grating projection method. 
  An extrapolation method was also proposed to 
measure large space structures.  The extrapolation 
method can measure larger object than the reference 
planes.  In this case, two accuracy improvement 
strategies are proposed.  One is a pre-calibration 
method, and a second is a geometrical calculation 
method to get the coordinate values without 
approximation.  The extrapolation method, with the 
geometrically strict calculation and the pre-calibration, 
was applied to measure the displacement of a main 
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  The extrapolation method will be suitable for 
practical use in space to measure a large structure, 
however, the measurement accuracy seems to be 
degraded by the extrapolation.  The proposition of the 
extrapolation method should be accompanied by some 
sort of accuracy improvement idea.  Two 
improvement strategies are put forward: a geometrical 
calculation method of coordinate values and a 
pre-calibration method. 
  In the case of interpolation method, the coordinate 
values are calculated by an assumption of linear 
relation between the phase of the sinusoidal gratings 
and the object position.  This assumption is beneficial, 
if the distance between the two reference planes is 
small and the measurement object is set within the two 
reference planes.  The assumption, however, does not 




Fig. 17 Geometrical calculation of position of object 
surface from phase of reflected gratings 
 
  A strategy to measure the object position precisely is 
based upon the geometrical calculation according to the 
strict definition of position.  The coordinate value of 
object can be determined geometrically, as shown in 
Fig.17, without any approximation.  This is true and 
applicable even for the object between the two 
reference planes as usual grating projection method, 
although usually a linear interpolation calculation to 
obtain the coordinate values is much easier than the 
geometrically strict calculation, as long as the linear 
interpolation can keep good accuracy. 
  A second improving strategy is the活用application 
of pre-calibration.  In the case of pre-calibration 
method, each known position is preliminary measured 
step by step, and the calibration table between the 
measured values and true values is made.  The 
measured object surface is calibrated with reference to 
the calibration table. 
  Figure 18 shows the correction degree of the 
pre-calibration values and the geometrical calculation 
in reference to the true values.  The geometrical 
calculation does not necessarily 必要need the 
pre-calibration even in the case of the extrapolation 
method, according to the accuracy requirement.  The 
pre-calibration method, however, is easy to apply 
without the rigorous geometrical calculation. 
 
 
Fig. 18 Pre-calibration and the correction table 
 
 
Fig. 19 Measurement example of a large object by the 
extrapolation method 
 
  Figure 19 shows the measurement example: the 
displacement measurement of a main wing of an 
aircraft under loading.  The aircraft is Oowashi No.1, 
which is a prototype under development aiming at 
supersonic flight in Muroran Institute of Technology, 
Aerospace Plane Research Center (APReC) as shown 
in Fig. 20.  The measured displacement is compared 
with the true value measured by a slide caliper, as 
shown in Figs. 21, 22 and table 2.  The accuracy is 
practically good enough.   
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Fig. 4 Panel setting for measurement of translucent 
object  
 
2.3  Shape measurement of mesh object with step 
model 
  Figure 5 shows a sample mesh object with known 
step distance.  Figure 6 shows a step height 
distribution of the step mesh model.  The red 
rectangular areas on each step in Fig. 6 are analysis 
areas.  Images are thinned out from a size of 1600 x 
1200 pixels to a size of 400 x 300 pixels.  The table 
elements in the WSTM are divided into 1,200 elements, 
each 125 mm in size.  Table 1 shows height 
distribution chart of the step mesh model.  Table 1 
shows the comparison of the z distribution at marker 
position son the mesh surface measured by a laser 
displacement meter.  The translucent metallic mesh 
can be measured by the grating projection method. 
 
 




Fig. 6 Height distribution image of Fig. 5 
 
Table 1 Comparison of height between proposed 




















0.05 5.29 0.00 4.96 
Standard 
Deviation 






2.4  Shape measurement of mesh parabolic 
antenna 
  A parabolic antenna used for a satellite is made of a 
translucent metallic mesh.  The precise measurement 
of the profile irregularity of the parabolic antenna 
surface is important.  
  The aim of this experiments is to meas re the me h
abolic antenna.  Figure 7 shows the mesh parabolic 
antenna object.  Figure 8 shows a gratings image of 
the translucent and glittering metallic mesh parabola.  
Figure 10 shows an analytical photographic image of a 
parabolic mesh antenna.  Figure 10 shows the phase 
distribution of Fig. 8.  This phas  distribution was
obtained by PSM/FT with 10 and 16 pitches.  Figure 
11 shows a 3D model of the image featured in Fig. 8.  
Figure 12 shows a height distribution image of Fig. 8 
by color.  Figure 13 shows height distribution shown 
as lines A, B, C illustrated in Fig. 12.  The x position 
of the botto  line ranges from -750mm to 750mm.  
The size f sample mesh and radio wave test model is 
1.5m x 1.5m.  Line A shown in Figs. 12 and 13 i  
upper area of antenna.  Line B shown in Figs. 12 and 
13 is middle area of antenna.  Line C shown in Figs. 
12 and 13 is neat to the bottom of the antenna.  
Measurement accuracy of this experiment is almost the 
same as experiment of section 2.3.  Because of the 
optical setup of the meas rement system is the sa e as 
experiment of section 2.3.  Figure 14 shows height
distributions comparison of a laser displacement meter 
to WSTM of the mesh parabolic antenna object. 
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Dialectal Words Related to “Fishing Tools”, “Fishing Methods”, 








The purpose of this paper is to elucidate the details about dialectal words referring to “fishing tools”, 
“fishing methods”, “fish names” and “fish processing” used in Todohokke, which is located in the 
eastern region of the Oshima Peninsula. The words have been collected by our fieldwork, some books 
of the local fishing industry and a couple of dictionaries of the Hokkaido dialect. Each item concerned 
includes a dialectal word in katakana letters, the meaning with brief comments, the example sentences, 
the recorded places and other sources. It is revealed that the dialectal words of Todohokke have unique 
characteristics closely related to the kinds of fish, distinguished from those of the western region of the 
peninsula.  
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彙の全体像が示されることで見えてくる実態につ
いて、新知見を交えての所見も述べていきたい。 




 ○実施日：2013 年 8 月 28 日（水）、29 日（木） 
 ○実施場所：函館市富浦町 田中末廣・美枝子
ご夫妻宅 
 ○調査協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 











 ○面談協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 
        田中美枝子氏（昭和 17 年生ま
れ；71 歳；漁師） 






 この面談で確認された語彙は全部で 110 語を数
える。昨年 8 月の調査で得られた 87 語に面談を
通して新たに 23 語が加わったことになる。 









2)  [     ]で品詞を記す。 
3)  <     >で語彙の採録地を記す。 



















語中 55 語(66%)であった。 
 
(1)  アシ[名詞]：流し網、刺し網の網。 
(2)  アシタナ～アバタナ[名詞]：漁網の下縁部分の
手網（たな）のこと。 
(3)  アツイ[形容詞]：ニシンの群来が非常に多く 
  接岸した状況を言う。 
  ＃TS：椴法華ではイワシやホッケに使用する。 




  ＃TS：ニシン以外の魚種にも使用する。 
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ゲ、合成樹脂等がある。 























  ☛網下。（吉岡 2003: 7） 
(11) アミサス[連語動詞]：漁網を海に入れる。 
  ☛1「朝、アミサシテ昼にはあげられる」（石垣 
1983: 33） 
  ☛2 アミヲサス：特に、ニシン漁やサケ漁等の
刺し網で投網する際には、「おい、夕方凪にな
ったらアミサシに出るぞ」などと使った。（吉
岡 2003: 9） 
(12) アンカ[名詞]：錨 3。 
  ＊英語 anchor「（船の）錨」に由来する。 
  ☛1 風のある時にコンブのあるところから船
が流されないようにするために使う。（川内谷 
1977: 153） 
  ☛2 アンカオロス（比喩）：ゆっくり落ち着く。
「あまりあちこち遊んで歩かないで、このへ




















  ☛2 海水の色を見て、ニシン、イワシ、サバ、
サケ、マス等の群来と個体の種別をするとこ
ろからできた語彙。（吉岡 2003: 14） 
  ☛3 イロミ～エドコミ：漁に出て、船上でクキ
（群来）を専門に見つける人、もしくはクキを




  ＃TS：テツアミ（綴網）を使用する。 
  ☛ 「そうしてこんどさーオキアゲする」＜椴
法華＞（石垣 1983: 63） 
(17) オキドメ[名詞]：部落の漁師全員が出漁を中止
すること。 
  ＃TS：どの地域においても使用する。 
  ☛オギドメと濁ることもある。「オキドメは部
落に不幸がある時などにする」＜松前町白神










＜椴法華＞（石垣 1983: 81） 
(20) カタガル[自動詞]：傾く。 
   カタゲル[他動詞]：傾ける。 
  ☛「船がカタガラナイようにしてね」＜椴法華
＞（石垣 1983: 83） 
(21) カッパガエル～カッパガル[自動詞]：ひっくり
返る。 
   カッパガエス～カッパガス[他動詞]：ひっく
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  ＃TS：ニシン以外の魚種にも使用する。 
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り返す。 




















  ☛エドコとも言う。（菊平 1992: 5） 
   (15)☛3 を参照のこと。 
  クギル[動詞]：群来る。＊椴法華の発音。 
  ☛「この空模様では、そろそろクキルンデない
か」＜小樽・忍路＞（石垣 1983: 111） 
(26) コマドリ[名詞]：はえ縄の針をはずすこと。ま
た、それをする人。 
    ☛船内に揚がった魚を針からはずす役。（『乙部
町史 上巻』 2001: 160） 
(27) ゴロ[名詞]：船を陸上に巻き揚げる時、船底に
入れる円筒形の木製のローラー。 
  ☛1 コロとも言う。（石垣 1983: 139） 
  ☛2 1.5m 位から大小あり。直径 10~18cm の丸
木。用材は堅木（ナラ、カエデ、アサダなど）
である。（吉岡 2003: 49） 
(28) シバリ[名詞]：①海藻採集具。②タコを獲る道
具。（石垣 1983: 161） 
  ☛1 コンブ拾いや海中に沈んだ物を引き上げ
る道具。（吉岡 2003: 58） 
    ☛2 シバキ：ガモメコンブやシオコンブを採る





  ☛ジャグとも言う。石狩前浜周辺にはない。 









  ☛1 はえ縄の方言で、日本海沿岸部で使用。
（『青森県の漁具』1975: 24） 
    ☛2 はえ縄の部位を示す方言。ギバ、タチモノ
とも呼ぶ。（『椴法華村史』1989: 570） 
  ☛3 瀬縄。タラ釣り用具。結糸（いわいと）5
枚、長さ 150 尋ぐらいのものを 10 枚ごとに 1
本付ける。（『南茅部町史 上巻』 1992: 804） 
(33) タコバコ[名詞]：材料はブナ材。腐食を防ぐた
め、コールタールを使用することもある。箱は





  ☛1『郷土史探訪Ⅲ』(1982: 11-12) 
  ☛2 タコとりの箱。＜南茅部・臼尻＞（石垣 
1983: 194） 









  ☛1 石垣（1983: 216） 
    ☛2 石狩浜では手網と呼称するのが主流。魚種
にもよるが、長さ 200～300 メートル、海岸に
もよるが 500 メートルに及ぶものもある。（吉





  ☛1 他にイカ、ソイ、ヤナギノマイ、タラなど
深みで生息する魚類の釣り漁法。全道一円の
海岸部で使用。（吉岡 2003: 84） 
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彙の全体像が示されることで見えてくる実態につ
いて、新知見を交えての所見も述べていきたい。 




 ○実施日：2013 年 8 月 28 日（水）、29 日（木） 
 ○実施場所：函館市富浦町 田中末廣・美枝子
ご夫妻宅 
 ○調査協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 











 ○面談協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 
        田中美枝子氏（昭和 17 年生ま
れ；71 歳；漁師） 






 この面談で確認された語彙は全部で 110 語を数
える。昨年 8 月の調査で得られた 87 語に面談を
通して新たに 23 語が加わったことになる。 









2)  [     ]で品詞を記す。 
3)  <     >で語彙の採録地を記す。 



















語中 55 語(66%)であった。 
 
(1)  アシ[名詞]：流し網、刺し網の網。 
(2)  アシタナ～アバタナ[名詞]：漁網の下縁部分の
手網（たな）のこと。 
(3)  アツイ[形容詞]：ニシンの群来が非常に多く 
  接岸した状況を言う。 
  ＃TS：椴法華ではイワシやホッケに使用する。 




  ＃TS：ニシン以外の魚種にも使用する。 
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  ☛2 単にテンテンとも言う。＜椴法華＞（石垣 
1980: 78、1983: 224） 
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  ☛1 イカを引っかける針の一種。＜椴法華＞
（石垣 1983: 239） 
  ☛2 明治初期に考案。握り木へ 2 本の竿頭を開
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るのに使用。（『椴法華村史』 1989: 619） 




  ☛4 石狩本町地区から余市、岩内沖に出漁して
イカ付けし、海底に回遊するイカを釣り上げ
る時に使用した。イカが浮いてきたらハネゴ
で操業した。（吉岡 2003: 90） 
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  ☛1「2 人でね、ナワサヤメテいた」＜椴法華＞
（石垣 1983: 245） 
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ってイカつけた」＜鹿部＞（石垣 1983: 256） 
  ☛2 日本海側のイカ付け場所周辺（岩内、小平）
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けるのさ」＜椴法華＞（石垣 1983: 266） 
  ☛2 ハネグとも言った。（『椴法華村史 1989: 
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の針、またはイカ針各 1 本をつけたもの。（吉




吉岡 2003: 104） 
  ＃K&TS：イカ漁具。二股に分かれている、イ
カを釣る仕掛け。 
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にもよるが、長さ 200～300 メートル、海岸に
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  ☛1 他にイカ、ソイ、ヤナギノマイ、タラなど
深みで生息する魚類の釣り漁法。全道一円の
海岸部で使用。（吉岡 2003: 84） 
椴法華村における「漁具」、「漁法」、「魚種」、「魚加工」に関連した方言語彙について 
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ゲ、合成樹脂等がある。 























  ☛網下。（吉岡 2003: 7） 
(11) アミサス[連語動詞]：漁網を海に入れる。 
  ☛1「朝、アミサシテ昼にはあげられる」（石垣 
1983: 33） 
  ☛2 アミヲサス：特に、ニシン漁やサケ漁等の
刺し網で投網する際には、「おい、夕方凪にな
ったらアミサシに出るぞ」などと使った。（吉
岡 2003: 9） 
(12) アンカ[名詞]：錨 3。 
  ＊英語 anchor「（船の）錨」に由来する。 
  ☛1 風のある時にコンブのあるところから船
が流されないようにするために使う。（川内谷 
1977: 153） 
  ☛2 アンカオロス（比喩）：ゆっくり落ち着く。
「あまりあちこち遊んで歩かないで、このへ




















  ☛2 海水の色を見て、ニシン、イワシ、サバ、
サケ、マス等の群来と個体の種別をするとこ
ろからできた語彙。（吉岡 2003: 14） 
  ☛3 イロミ～エドコミ：漁に出て、船上でクキ
（群来）を専門に見つける人、もしくはクキを




  ＃TS：テツアミ（綴網）を使用する。 
  ☛ 「そうしてこんどさーオキアゲする」＜椴
法華＞（石垣 1983: 63） 
(17) オキドメ[名詞]：部落の漁師全員が出漁を中止
すること。 
  ＃TS：どの地域においても使用する。 
  ☛オギドメと濁ることもある。「オキドメは部
落に不幸がある時などにする」＜松前町白神










＜椴法華＞（石垣 1983: 81） 
(20) カタガル[自動詞]：傾く。 
   カタゲル[他動詞]：傾ける。 
  ☛「船がカタガラナイようにしてね」＜椴法華
＞（石垣 1983: 83） 
(21) カッパガエル～カッパガル[自動詞]：ひっくり
返る。 
   カッパガエス～カッパガス[他動詞]：ひっく
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彙の全体像が示されることで見えてくる実態につ
いて、新知見を交えての所見も述べていきたい。 




 ○実施日：2013 年 8 月 28 日（水）、29 日（木） 
 ○実施場所：函館市富浦町 田中末廣・美枝子
ご夫妻宅 
 ○調査協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 











 ○面談協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 
        田中美枝子氏（昭和 17 年生ま
れ；71 歳；漁師） 






 この面談で確認された語彙は全部で 110 語を数
える。昨年 8 月の調査で得られた 87 語に面談を
通して新たに 23 語が加わったことになる。 









2)  [     ]で品詞を記す。 
3)  <     >で語彙の採録地を記す。 



















語中 55 語(66%)であった。 
 
(1)  アシ[名詞]：流し網、刺し網の網。 
(2)  アシタナ～アバタナ[名詞]：漁網の下縁部分の
手網（たな）のこと。 
(3)  アツイ[形容詞]：ニシンの群来が非常に多く 
  接岸した状況を言う。 
  ＃TS：椴法華ではイワシやホッケに使用する。 




  ＃TS：ニシン以外の魚種にも使用する。 














(51) ＃TS：フナマワリ[名詞]：8 月 10 日の椴法華
の祭りで、新しく購入した船を八幡神社の周
りで 3 回まわすこと。 




    ＃TS：椴法華では、細かい魚を捨てることを
ホレダスと言う。 
(54) ボンデ[名詞]：網やはえ縄、タコ箱などの海上
標識。＜余市＞（石垣 1983: 304） 
  ☛北洋の鮭鱒流し網、はえ縄、タコ縄、スケト
ウ縄などの沖合漁業の海上標識で、ボンデン





  ☛1 はえ縄の枝糸。（『椴法華村史』1989: 570）
☛2 はえ縄に下げる支網。津軽海峡沿岸部で用
いる。（『青森県の漁具』1975: 24） 
  ☛3 網や釣糸に使う綿糸。「太いヤメをつけて
やったろう」＜松前・白神＞（石垣 1983: 339） 
(57) ワク[名詞]：沖で魚を集める枠網の略。 








彙は 83 語中 6 語（7％）であった。 
 
(58) アガシ[名詞]：灯り。光。 
  ☛1 舵を取る人の前方が見えなくなるので、陸   
  に船を入れる時には、必ず、アガシ（灯火）を
消した。これは、イカ釣り漁船の操作法の一つ
である。（石垣 1980: 73） 
    ＃TS：イワシ地曳網で使った。 






  （『椴法華村史』 1989: 602、石垣 1980: 26、橋
本 2013: 72） 
(59) タテコミ[名詞]：建網を海に仕掛けること。ニ
シン、サケ、マス漁などを定置に施設すること。
＜石狩浜、厚田浜＞（吉岡 2003: 73） 
(60) ツリカ[名詞]：釣り漁の時に手（指）にはめる
釣り革。＜南茅部＞（石垣 1983: 215） 
  ☛1 道南地方の南茅部周辺で使用されていた
が、石狩浜では一本釣りの漁はないので、使用
されていない。（吉岡 2003: 79） 
    ☛2「ツリカ（釣革）はいて、ツリメダリ（釣
り前垂り）あでで」、「ツリカ（釣革）ちょいと
はき腕巻きまいて」（「鱈釣り口説」『南茅部町
史 上巻』 1992: 850, 852） 
(61) ツリメダリ[名詞]：釣り漁の時に身に付ける前
掛け。前掛けがメダリに転訛。＜南茅部＞（石
垣 1983: 216） 





法華＞（石垣 1980、1983: 336） 
    ☛2 ヤトイウル：語源は、自分らの労働を売る
ということからの方言である。青森県野辺地
方言に見られる。（吉岡 2003: 131） 
(63) ワゴ[名詞]：魚を獲る大ダモ。松前地方の方言。 
  ☛1「イワシをワゴでとったんだもの」＜松前・
白神＞（石垣 1983: 355） 
  ☛2 石狩本町地区ではこの呼称は用いないも
のの、ゴリ、カワエビ、ワカサギなどの小魚を




 調査協力者が「使わない」と回答した語彙は 83 
語中 22 語（27%）である。 
 
(64) アカダマ[名詞]：沖止めの印。 
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  ☛1「あんたもアグリやってあったかな」＜椴
法華＞（石垣 1983: 23） 
  ☛2 キンチャクアミ（巾着網）とも言う。石狩
浜では 1938 年、1939 年まで石狩湾でイワシ漁
を行っていたが、この漁法ではなく、定置網と










ていた。（吉岡 2003: 3） 
(67) アミタデル[連語動詞]：漁網を設置する。 
  ☛1「村で最初にアミタデタのはだれだろう。」 
  ＜椴法華＞（石垣 1980:33） 




タテ（アミイレ）と呼ぶ。（吉岡 2003: 8） 
(68) アミタキブネ[名詞]：網を積んで待機する船。
＜南茅部＞（石垣 1983: 33） 
  ☛1 ニシンの接岸を待って陸に網を積んで待
機しておく船。主として建網場で三半船を使
用する。（吉岡 2003: 8） 












すること。（『椴法華村史』 1989: 602） 




（石垣 1983: 46） 
    ☛2 明治時代イワシの主要漁業地は、道南東部、
特に下海岸であった。（『恵山町史』 2007: 775） 
(72) オキマモリ[名詞]：ニシン漁場で沖の建網の中
を監視する人。船頭か老年の熟練者があたっ
た。（石垣 1983: 63、吉岡 2003: 22） 
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た。（吉岡 2003: 22） 
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  ☛「家の前の浜に船が一隻カガッテいた」＜椴






松前・白神＞（石垣 1983: 79） 

















  ☛2 石狩浜では地曳網を敷く時に使用するが、
例年 1 月、2 月石狩川の氷下地曳網によるワカ
サギ漁で使用した。（吉岡 2003: 46） 
橋本 邦彦 





(51) ＃TS：フナマワリ[名詞]：8 月 10 日の椴法華
の祭りで、新しく購入した船を八幡神社の周
りで 3 回まわすこと。 




    ＃TS：椴法華では、細かい魚を捨てることを
ホレダスと言う。 
(54) ボンデ[名詞]：網やはえ縄、タコ箱などの海上
標識。＜余市＞（石垣 1983: 304） 
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  ☛1 はえ縄の枝糸。（『椴法華村史』1989: 570）
☛2 はえ縄に下げる支網。津軽海峡沿岸部で用
いる。（『青森県の漁具』1975: 24） 
  ☛3 網や釣糸に使う綿糸。「太いヤメをつけて
やったろう」＜松前・白神＞（石垣 1983: 339） 
(57) ワク[名詞]：沖で魚を集める枠網の略。 








彙は 83 語中 6 語（7％）であった。 
 
(58) アガシ[名詞]：灯り。光。 
  ☛1 舵を取る人の前方が見えなくなるので、陸   
  に船を入れる時には、必ず、アガシ（灯火）を
消した。これは、イカ釣り漁船の操作法の一つ
である。（石垣 1980: 73） 
    ＃TS：イワシ地曳網で使った。 






  （『椴法華村史』 1989: 602、石垣 1980: 26、橋
本 2013: 72） 
(59) タテコミ[名詞]：建網を海に仕掛けること。ニ
シン、サケ、マス漁などを定置に施設すること。
＜石狩浜、厚田浜＞（吉岡 2003: 73） 
(60) ツリカ[名詞]：釣り漁の時に手（指）にはめる
釣り革。＜南茅部＞（石垣 1983: 215） 
  ☛1 道南地方の南茅部周辺で使用されていた
が、石狩浜では一本釣りの漁はないので、使用
されていない。（吉岡 2003: 79） 
    ☛2「ツリカ（釣革）はいて、ツリメダリ（釣
り前垂り）あでで」、「ツリカ（釣革）ちょいと
はき腕巻きまいて」（「鱈釣り口説」『南茅部町
史 上巻』 1992: 850, 852） 
(61) ツリメダリ[名詞]：釣り漁の時に身に付ける前
掛け。前掛けがメダリに転訛。＜南茅部＞（石
垣 1983: 216） 





法華＞（石垣 1980、1983: 336） 
    ☛2 ヤトイウル：語源は、自分らの労働を売る
ということからの方言である。青森県野辺地
方言に見られる。（吉岡 2003: 131） 
(63) ワゴ[名詞]：魚を獲る大ダモ。松前地方の方言。 
  ☛1「イワシをワゴでとったんだもの」＜松前・
白神＞（石垣 1983: 355） 
  ☛2 石狩本町地区ではこの呼称は用いないも
のの、ゴリ、カワエビ、ワカサギなどの小魚を




 調査協力者が「使わない」と回答した語彙は 83 
語中 22 語（27%）である。 
 
(64) アカダマ[名詞]：沖止めの印。 
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ゲ、合成樹脂等がある。 























  ☛網下。（吉岡 2003: 7） 
(11) アミサス[連語動詞]：漁網を海に入れる。 
  ☛1「朝、アミサシテ昼にはあげられる」（石垣 
1983: 33） 
  ☛2 アミヲサス：特に、ニシン漁やサケ漁等の
刺し網で投網する際には、「おい、夕方凪にな
ったらアミサシに出るぞ」などと使った。（吉
岡 2003: 9） 
(12) アンカ[名詞]：錨 3。 
  ＊英語 anchor「（船の）錨」に由来する。 
  ☛1 風のある時にコンブのあるところから船
が流されないようにするために使う。（川内谷 
1977: 153） 
  ☛2 アンカオロス（比喩）：ゆっくり落ち着く。
「あまりあちこち遊んで歩かないで、このへ




















  ☛2 海水の色を見て、ニシン、イワシ、サバ、
サケ、マス等の群来と個体の種別をするとこ
ろからできた語彙。（吉岡 2003: 14） 
  ☛3 イロミ～エドコミ：漁に出て、船上でクキ
（群来）を専門に見つける人、もしくはクキを




  ＃TS：テツアミ（綴網）を使用する。 
  ☛ 「そうしてこんどさーオキアゲする」＜椴
法華＞（石垣 1983: 63） 
(17) オキドメ[名詞]：部落の漁師全員が出漁を中止
すること。 
  ＃TS：どの地域においても使用する。 
  ☛オギドメと濁ることもある。「オキドメは部
落に不幸がある時などにする」＜松前町白神










＜椴法華＞（石垣 1983: 81） 
(20) カタガル[自動詞]：傾く。 
   カタゲル[他動詞]：傾ける。 
  ☛「船がカタガラナイようにしてね」＜椴法華
＞（石垣 1983: 83） 
(21) カッパガエル～カッパガル[自動詞]：ひっくり
返る。 
   カッパガエス～カッパガス[他動詞]：ひっく
橋本 邦彦 
- 2 - 
彙の全体像が示されることで見えてくる実態につ
いて、新知見を交えての所見も述べていきたい。 




 ○実施日：2013 年 8 月 28 日（水）、29 日（木） 
 ○実施場所：函館市富浦町 田中末廣・美枝子
ご夫妻宅 
 ○調査協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 











 ○面談協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 
        田中美枝子氏（昭和 17 年生ま
れ；71 歳；漁師） 






 この面談で確認された語彙は全部で 110 語を数
える。昨年 8 月の調査で得られた 87 語に面談を
通して新たに 23 語が加わったことになる。 









2)  [     ]で品詞を記す。 
3)  <     >で語彙の採録地を記す。 



















語中 55 語(66%)であった。 
 
(1)  アシ[名詞]：流し網、刺し網の網。 
(2)  アシタナ～アバタナ[名詞]：漁網の下縁部分の
手網（たな）のこと。 
(3)  アツイ[形容詞]：ニシンの群来が非常に多く 
  接岸した状況を言う。 
  ＃TS：椴法華ではイワシやホッケに使用する。 




  ＃TS：ニシン以外の魚種にも使用する。 















（石垣 1983: 145） 




（吉岡 2003: 51） 
(80) サンヤ[名詞]：①タコの異名。②漁船を陸上に
引き上げるのに用いる縦巻きのロクロ。 
  ☛1 石狩浜、厚田浜で②はボウズと言う。（吉
岡 2003: 56）(77)☛3 参照。 






  ☛1 昭和初期にイワシ漁で用いた漁具で、小さ
な地曳網の一種。（『椴法華村史』 1989: 598, 611） 





  ☛3 サケの地曳網、サケの定置網などの最も奥




（石垣 1980: 59） 
    ☛2 ソイマギ：道南の椴法華周辺で使用。石狩










垣 1980: 59） 
  ☛2 積丹周辺を中心としたイカ付け場ではト
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1983: 57、吉岡 2003: 17） 





＜椴法華＞（石垣 1983: 62） 
  ☛2 道南の椴法華周辺では「オガバショ」と濁
るが、石狩浜では「オカバショ」と濁らず発音



















































（吉岡 2003: 103） 
(101) ヘエ[類別詞]：イカを数える単位。 
  ☛1＃TS：ハイ～パイとも言う。 
  ☛2「ハネゴだと一度にイカを二ヘエずつあげ
るんだからね」＜椴法華＞（石垣 1980: 61） 
(102) ボッツ[名詞]：タコの胴の部分。一見、頭の
ように見えるので、ボッツ（帽子）と言う。＜




      ソーダコ[名詞]：オスのタコ。 
      ミズダコ[名詞]：上記二つの総称。 




1983: 344）      アサイガ[名詞]：朝のイカ。
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れるイカ。（菊平 1992: 5） 
 
3.2 「使わない」回答語彙 





垣 1983: 38、吉岡 2003: 11） 
  ☛スルメ加工で用いられる。現在ではほとんど
生で出荷されるが、かつては随所にイカブス
マが見受けられた。（『郷土史探訪Ⅲ』 1982: 8） 
  ＊青森でもイカ干しの風景は一般的であるが
イカブスマの呼び方は報告されていない。
（『青森の漁具』 1975: 25 参照） 
(108) カドイワシ[名詞]：ニシンのこと。カドとも
言う。 
  ☛1 カド[名詞]：ニシンの古名。青森では乾脂
物（かんせきぶつ）をカド、生魚をニシと言う。
（吉岡 2003: 31、石垣 1983: 90） 












  ☛「家の前ばかりで 12 マイの釜あった」＜椴







のはない。3.1 節と 3.2 節から判断できるいくつ
かの所見を次に挙げたい。 
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1983: 344）      アサイガ[名詞]：朝のイカ。
椴法華村における「漁具」、「漁法」、「魚種」、「魚加工」に関連した方言語彙について 
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1983: 33） 
  ☛2 アミヲサス：特に、ニシン漁やサケ漁等の
刺し網で投網する際には、「おい、夕方凪にな
ったらアミサシに出るぞ」などと使った。（吉
岡 2003: 9） 
(12) アンカ[名詞]：錨 3。 
  ＊英語 anchor「（船の）錨」に由来する。 
  ☛1 風のある時にコンブのあるところから船
が流されないようにするために使う。（川内谷 
1977: 153） 
  ☛2 アンカオロス（比喩）：ゆっくり落ち着く。
「あまりあちこち遊んで歩かないで、このへ




















  ☛2 海水の色を見て、ニシン、イワシ、サバ、
サケ、マス等の群来と個体の種別をするとこ
ろからできた語彙。（吉岡 2003: 14） 
  ☛3 イロミ～エドコミ：漁に出て、船上でクキ
（群来）を専門に見つける人、もしくはクキを




  ＃TS：テツアミ（綴網）を使用する。 
  ☛ 「そうしてこんどさーオキアゲする」＜椴
法華＞（石垣 1983: 63） 
(17) オキドメ[名詞]：部落の漁師全員が出漁を中止
すること。 
  ＃TS：どの地域においても使用する。 
  ☛オギドメと濁ることもある。「オキドメは部
落に不幸がある時などにする」＜松前町白神










＜椴法華＞（石垣 1983: 81） 
(20) カタガル[自動詞]：傾く。 
   カタゲル[他動詞]：傾ける。 
  ☛「船がカタガラナイようにしてね」＜椴法華
＞（石垣 1983: 83） 
(21) カッパガエル～カッパガル[自動詞]：ひっくり
返る。 
   カッパガエス～カッパガス[他動詞]：ひっく
橋本 邦彦 
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彙の全体像が示されることで見えてくる実態につ
いて、新知見を交えての所見も述べていきたい。 




 ○実施日：2013 年 8 月 28 日（水）、29 日（木） 
 ○実施場所：函館市富浦町 田中末廣・美枝子
ご夫妻宅 
 ○調査協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 











 ○面談協力者：田中末廣氏（昭和 10 年生まれ；
78 歳；漁師） 
        田中美枝子氏（昭和 17 年生ま
れ；71 歳；漁師） 






 この面談で確認された語彙は全部で 110 語を数
える。昨年 8 月の調査で得られた 87 語に面談を
通して新たに 23 語が加わったことになる。 









2)  [     ]で品詞を記す。 
3)  <     >で語彙の採録地を記す。 



















語中 55 語(66%)であった。 
 
(1)  アシ[名詞]：流し網、刺し網の網。 
(2)  アシタナ～アバタナ[名詞]：漁網の下縁部分の
手網（たな）のこと。 
(3)  アツイ[形容詞]：ニシンの群来が非常に多く 
  接岸した状況を言う。 
  ＃TS：椴法華ではイワシやホッケに使用する。 




  ＃TS：ニシン以外の魚種にも使用する。 
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A Contrastive Study of Nominal Particles in Samoan, Tahitian, 
and Hawaiian
Toru SHIONOYA *1
(原稿受付日 平成 26 年 6 月 27 日 論文受理日 平成 27 年 1 月 22 日）
Abstract
In this paper, nominal particles, especially prepositions and articles, in Samoan, Tahitian, and 
Hawaiian are examined. Since Polynesian languages derived from a common proto-language, they 
have many cognate nominal particles. This paper attempts to compare the usage between cognate 
prepositions and articles in order to illustrate similarity and difference among them. In doing so, the 
predicate use of each preposition/article and the co-occurrence of prepositions and articles are 
investigated with focusing on four groups of cognate prepositions and two groups of cognate articles. 
This paper shows the neutral case preposition ‘o (<*ko) and the ablative preposition mai (<*mai) are 
distinct from other prepositions in that they can form a predicate noun phrase in all three languages 
and that they do not take a tense-aspect marker, which is essential to many types of predicate phrases.




























(1)    述語名詞句 － 主語名詞句
(S) ‘O   Malia   ø        lona   igoa.
(T)  ‘O   Māria ø         tona   i‘oa.
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(H)  ‘O   Malia      ø         kona inoa.





















上記の(1)では‘O Malia/ ‘O Māria がそれぞれ述語








(2)   述語動詞句 －     その他の名詞句
(S) ua    alu  atu       i    Patanarama.
(完了) 行く(方向)      ～に パダンアラム
(T) ‘ua   reva           i    Padanarama.
(完了) 発つ            ～に パダンアラム
(H) ua  hala aku    la    i    Padanarama.




















































(5S)  i       le     lagi
(5T)  i       te     ra‘i
(5H)  i      ka     lani





(6S) Vili  e! 
     ヴィリ (呼格)
「ヴィリよ！」 
Mosel & Hovdhaugen (1992:193)
(6T) E    Terii ē!  
(呼格) テリイ(呼格)
  「テリイよ」Lazard & Peltzer (2000:201)
(6H) Ē     pua  ē! 
    (呼格) プア(呼格)








(7T) E     mau  ‘oire ato‘a  anei …? 
(不定) (複数) 町 ～も (疑問)
「（いくつかの）町もありますか。」
Saint-Exupéry (2006:52)
(7H) He    mau  mea  maika‘i nō na‘e.
(不定) (複数) もの 良い   (強調)
「実に良いものだ。」Beckwith (2007:9)
(8T) E    ‘aiū     mā !
(呼格) 赤ん坊 (集合)
 「おーい、赤ん坊たち。」Saint-Exupéry (2006:24)















S ○ ○ × × ○
T ○ ○ ○ ○ ○

















る 5 セットの前置詞と、2 つの冠詞を今回の分析対
象とする。明示的な形式を持たない øは除外する。
祖語 意味 S T H
*ø 主格/ (S)絶対格 ø ø ø
*e 行為者格/ (S)能格 e e e
*i / *ki 対格/所格/与格 i ～‘i i i
*mai 起点「～から」 mai mai mai
*a/*o 所有「～の」 a/o a/o a/o






(H)  ‘O   Malia      ø         kona inoa.





















上記の(1)では‘O Malia/ ‘O Māria がそれぞれ述語
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(完了) 発つ            ～に パダンアラム
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与格 の前置詞は元々*i / *ki の二つであったのが、
言語によっては一つの形 i に統合され、結果として
前置詞 i は多機能になっている。
祖語 意味 S T H
*te 定 le te ke/ka


























(12S) ‘Ua   i    luga le   lā. 
(完了)(所格)上 (定) 太陽
  「太陽が昇った。」Milner (1966:115)
‘ua は例(2)でも登場したが、完了を表す時制/相指
標の一つで、動詞的小辞に属するものである。例




































(13S) ‘O   le  ulu lenei.
(無格)(定)パンノキ これ
「これはパンノキだ。」
Steubel & Herman (1987:11)
(14S) Mai lēfea nu‘u ‘ea    ‘oe ?
(起点) どの 村 (疑問) あなた
「あなたはどこの村からですか。」
サムエル記下(15:2)











(15T) ‘O   te  taote tei      haere mai.
(無格)(定)医師 (関係詞)来る (方向)
  「来たのは医師です。」
Lazard et Peltzer (2000:35)
(16T) Mai  Huahine mai te  mau ‘orometua. 
(起点) Huahine (方向)(定)(複数) 教員
  「教員達はフアヒネ島からです。」
Lazard et Peltzer (2000:192)
(17T) O Tama terā  fare ‘āpī.
(所有)Tama あの 家 新しい
「あの新しい家は Tama のです。」
Lazard et Peltzer (2000:193)
(18T) A    rāua terā fa‘a‘apu.
(所有)彼らあの 畑
「あの畑は彼らのです。」








(19H) ‘O   ke  ana ka hale o     kekahi po‘e...
(無格)(定)洞窟 (定)家 (所有) ある 人々
「ある人達の家は洞窟だ。」Malo (1987:82)
(20H) Mai Hawai‘i mai  nei   au,...
(起点)ハワイ (方向) (指示詞) 私
「私はハワイからです。」
Fornander (1918-9:567)
(21H) I     hea au, i     uka,  i      kai, …?










(22S) E      a    Feleti le  ta‘avale.
(未完了)(所有) Faleti (定) 車
  「車はファレティのです。」
Mosel & Hovdhaugen (1992:408)
(23S) Sā   i    Apia lo mātou  tinā…
(過去)(所格)Apia 私たちの 母
  「私たちの母はアピアにいた。」
Mosel & Hovdhaugen (1992:408)














Peltzer (1991:21)が、ei と tei は未完了の時制/相指標
e、現在の時制/相指標 tē と前置詞 i がそれぞれ結び
ついた形であるとの分析を提示し、Ross (1976:35)
は、マオリ語の同様の小辞について、i は*i(過去)




ei (未来の場所) 未完了 e と前置詞 iが融合
tei(現在の場所) 現在の tē と前置詞 i が融合






与格 の前置詞は元々*i / *ki の二つであったのが、
言語によっては一つの形 i に統合され、結果として
前置詞 i は多機能になっている。
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「これはパンノキだ。」
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(14S) Mai lēfea nu‘u ‘ea    ‘oe ?
(起点) どの 村 (疑問) あなた
「あなたはどこの村からですか。」
サムエル記下(15:2)





(25T) Ei            te  ta‘ata tīa‘i ra
(未完了-所格) (定) 警備員 (指示詞)
te    tāviri 
(冠詞)鍵
  「鍵は警備員にあるだろう。」
Lazard et Peltzer (2000:43)




(27T) I     te  fare nei   te taote.
(完了-所格)(定) 家 (指示詞) (定 )医師
「医師は家にいた。」




















(28T) E      manu terā. 
(不定) 鳥    あれ
「あれは鳥だ。」Lazard et Peltzer (1991:36)





(29H) He    kumu ‘o   Pua.
(不定) 教師 (無格) Pua
「プアは教師だ。」Elbert & Pukui (1979:156)








(30S) Ua    se   va‘a  tū  matagi.
(完了)(不定) 船 立つ 風
「風に立つ船のようだ。」
Mosel & Hovdhaugen (1992:404)









(31S) Ua   ni   solofanua po‘a e      pepeti
     (完了)(不定)馬      雄の (未完了)太った




例(31S)では、不定冠詞複数 ni が導く名詞句 ni 














サモア語においては定冠詞 le と不定冠詞 se は全
ての前置詞と共起する。以下、本節では該当する
前置詞句を下線で表記する。
(32S) ‘a     e      talia       e    le tamaita‘i, 
     そして(未完了)受け入れる(能格)(定)婦人
  「そして、婦人が（それを）受け入れて...」
Kramer (1995:31)
(33S) E      lē   iloa       fo‘i
  (未完了)(否定)知っている も
e      se   tagata…
(能格)(不定) 人
「人は誰も知らない。」
Steubel & Herman (1987:48)
(34S) Na   oso  i    lalo le   tama
(過去)飛ぶ(所格)下 (定) 子供
mai   le solofanua,...
(方向)(定) 馬
「子供が馬から飛び降りた。」
Mosel & Hovdhaugen (1992:147)
(35S) mai  se tusi a    Iosefa Samita 
(起点)(不定)手紙(所有)Iosefa Samita
「Iosefa Samita の手紙から（の引用）」
The Church of Jesus Christ of Latter-day 
Saints (2007:47)
(36S) ‘O    le Tala o     le Taua o    le Uso
(無格)(定)話 (所有)(定)戦い(所有)(定) 兄弟
「兄弟の戦いの話。」Kramer (1995:29)
(37S) se    mavaega  a    se Ali‘i  Sili
(不定)遺言     (所有)(不定)領主 高位の
  「高位の領主の遺言」Henry (1980:115)
(38S) ma    tu‘u i     le tanoa 
そして 置く (所格)(定 )ボウル
「そしてボウルの中に入れる。」
Kramer (1995:22)
(39S) ...sui         i     se tanoa  ‘ava, ..
      ミックスする(所格)(不定)ボウル カヴァ
  「カヴァ（サモアの伝統飲料）用ボウルで（カ
ヴァを）ミックスする。」Kramer (1995:554)
(40S) ‘O    le Tala  o     le Taua o    le   Uso
(無格)(定)話 (所有)(定)戦い(所有)(定) 兄弟
「兄弟の戦いの話。」Kramer (1995:29)
(41S) ‘O    se   ā  lā    lou      mana‘o? 





(42T) ‘Ua   hāmani-hia  e      te tamuta
(完了)作る-(受身)(行為者)(定) 大工
tō matou  fare. 
私たちの 家
「大工が私たちの家を作った。」
Lazard et Peltzer (2000:66)
(43T) mai  te matahiti 1825 mai
     (起点) (定) 年    (方向) 
「1825 年から」Musée (2001:8)
(44T) ‘O    te  fare o     te ‘orometua terā. 
(無格)(定)家 (所有)(定) 教師     あれ
「あれは教師の家だ。」
Lazard et Peltzer (2000:175)
(45T) ‘Ua  haere ‘o    Petero  i    te fare.
     (完了)行く (無格)Petero (所格)(定) 家
「ペテロは家に行った。」
Lazard et Peltzer (2000:64)
(46T) ‘O te fare o     te  ‘orometua terā. 
(無格) (定)家 (所有)(定) 教師 あれ
「あれは教師の家だ。」
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(30S) Ua    se   va‘a  tū  matagi.
(完了)(不定) 船 立つ 風
「風に立つ船のようだ。」
Mosel & Hovdhaugen (1992:404)









(31S) Ua   ni   solofanua po‘a e      pepeti
     (完了)(不定)馬      雄の (未完了)太った




例(31S)では、不定冠詞複数 ni が導く名詞句 ni 








Elbert & Pukui (1979:146)
(48H) mai  ka wā kahiko mai, ...
  (起点)(定) 時 昔の (方向)
  「昔から…」Beckwith (2007:149)
(49H) ka  hale o     ke ali‘i 
(定) 家 (所有)(定) 領主
「領主の家」Elbert & Pukui (1979:136)
(50H) Ua   makemake au  i    ka hale.
     (完了)欲しい    私(対格)(定) 家
「私は家が欲しかった。」
Elbert & Pukui (1979:98)
(51H)‘O     ke ali‘i  nō  ia.
(無格)(定) 領主(強調) 彼
「彼がまさに領主だ。」
















の中でも、無格の前置詞‘o と起点の前置詞 mai と
他の前置詞との間に大きな断絶が見られた。無格










































































S T H 述語に
なりにくい
なりやすい
e － － －
a/o (+) + －
i/‘i (+) (+) +
mai + + +



























 タヒチ語の所/与/対格の前置詞 i が述語名詞句を
導く場合に用いられる三つの形式 ei、tei、i の存在
は示唆的である。これらの形が Clark (1976:35)や
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デンマーク語における副次強勢の起源について 
 
  三村 竜之*1 
 
On the Origin and Development of  
Secondary Stress in Danish 
 
  Tatsuyuki MIMURA*1 
 
(原稿受付日 平成 26 年 6 月 27 日 論文受理日 平成 27 年 1 月 22 日) 
 
Abstract 
This study aims at empirically examining the origin and the historical development of secondary 
stress in morphologically simple words in Danish. There have been few remarks made on the 
diachronic aspect of the stress contour of those simplexes, and I will argue that the 
‘primary-secondary’ stress pattern of those words has been historically developed from the 
‘weak-primary’ pattern which those simplex words originally had as the result of accent change based 
on the following three grounds: i) documented records found in the literature and several dictionaries 
compiled around the late 18th and 19th centuries; ii) data from other Scandinavian dialects; iii) free 
variations of the two stress patterns, ‘primary-secondary’ and ‘weak-primary’, found in the 
present-day Danish. From the above argument, it will be concluded that all of those simplex words 
are etymologically loanwords with ‘weak-primary’ stress pattern, and their original primary stress is 
supposed to have moved to the initial syllable in accordance with the native Nordic/Germanic stress 
pattern; thus, the secondary stress in the present stress pattern is a surviving trace of the primary stress 
in an archaic ‘weak-primary’ pattern. 
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１．�２ 	 デンマーク語について  




























































2005 年から 2009 年にかけて断続的に行ってきたフ
ィールドワークを通じてその一部は既に採取済みで
あった。その後、資料の補充と拡充を目的として、





(1) a. Martin Graugaard Hause 氏（男性） 
1980 年ユトランド半島  (Jylland) 北西部
Struer の生まれ 
b. Lise Schou 氏（女性） 
1962 年 Jylland 南西部の Esbjerg の生まれ。
20 歳頃にコペンハーゲン(København)に移る。 
c. Evi Egholm 氏（女性） 
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２ 	 デンマーク語における副次強勢と語構造  
 
２．�１ 	 複合語と派生語  
これまでの筆者の調査から、デンマーク語における
副次強勢には、以下に示す三種類の語においてのみ








(2) 複合語アクセント規則  
The primary stress of the first immediate constituent 
appears as the primary stress of a whole compound, 
and the secondary stress of a whole compound is 

















す三つのグループに分類される(表 1 を参照(5); 表の
黒塗り部分は該当する接辞が存在しないことを示
す）: 
 (3) a. 語幹の主強勢に影響を与えない接辞
(stress-neutral affixes) 
b. 語幹の主強勢を語幹内部で移動させる接
























表 1は、p. 4の (4)に示した、派生接辞を語幹ないし派生語全体の強勢型に与える影響の点から分類したも
のである (Mimura 2009: 209)。黒く塗りつぶした箇所は該当する接辞が確認されていないことを、また網掛け
の部分は語幹の構造と接辞の与える影響が関与する事例であることを例を指す。




Prefix be-: bestı´ge und-: u´ndtage
er-: erke´nde u-: u´held
mis-: mı´stænke
-ede: lu´kkede -skab: æ´gteskab -isk: europæ´isk -itet: humanite´t
-en: avı´sen -dom: æ´lderdom -sk: japa´nsk -ist: telefonı´st
Suffix -e: hu´se -hed: rı´gtighed -er: europæ´er -eri: bagerı´
-e: økono´miske -agtig: da´meagtig -ig: uhe´ldig -isme: marxı´sme
-er: ge´nnemser -ig: ku´nstig -lig: misu´ndelig -agtig: barna´gtig





p. 7の (10)に示した文献資料での記録の有無（記録無しの場合は空白）と、対応するノルウェー語 Sandnes方
言の資料の有無（資料がない場合は「—」で示す）を併せて記してある。
表 2 韻律的複合語一覧（付: 文献資料における記録の有無、対応する Sandnes方言の資料）
韻律的複合語 文献記録 Sandnes方言における主強勢の位置
第一音節 第一音節以外
1. a´dve`nt「降臨節」 a´dvent —
2. a´ge`ns「主体」 — —
3. a´ho`rn「楓」 a´horn —
4. a´libı`∼alibı´「アリバイ」 — alibı´
5. a´lkoho`l「アルコール」 — alkoho´l
6. a´mbo`lt「鉄床」 — —
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２．�２  単純�語における副次強勢 : 韻律的複合語  




























部で 42 語であった（稿末の表 2 を参照されたい）。 
 


















と比較することで、blyant の第二音節 -ant が第一音
節 bly-よりも卓立の度合いが弱く、しかしながら、











例えば dÁto の第二音節 -to や hÁndel「貿易、取引」
の第二音節 -del が「無/弱強勢」であると判断する
という点では blÝAnt の第二音節 -ant も dÁto の第二
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相当する国土に限定すると、2014 年 1 月の時点で約 
560 万人（出典: http://www.statistikbanken.dk）と推定
される。 
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同様の交替現象は、後部要素が韻律的複合語の場合
にも観察される(2): 





















** 	 ** 	 ** 	 
 
 	 なお、英語においては、例えば encYclopÉdia「百
科事典」の様に、主強勢を担う音節にさらに音節が
幾つか先行する場合は、リズム上の制約から単純�語































３ 	 韻律的複合語における副次強勢の起源  





























関しては、1700 年代から 1800 年代に出版された研
究書や辞書、あるいは著者や編纂者が 1700 年代
（1690 年代末も含む）から 1800 年代の生まれであ
る研究書や辞書に記録が残っているという。 
 	 Brink らが言及する文献は以下の十点。なお、参考
までに、著者や編纂者の出生年と出生地も示す: 
(9) a. Broberg, S. (1882). Manuel de la Langue 
Danoise (Dano-norwégienne): a l’usage des 
デンマーク語における副次強勢の起源について 
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付録 2: 韻律的 一覧
表 2 は、発表者の調査で確認されている韻律的複合語を一覧にまとめたものである。各々の語に関して、
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h. Mikkelsen, Kristian (1911). Dansk Ord- 
føjningslære med Sproghistoriske Tillæg: 
Håndbog for Viderkomne og Lærere. Køben- 
havn: Lehmann & Stages Forlag.【1845 年
København の生まれ】 
i. Sandfeld, Kristian (1923). Sprogvidenskaben: 
en Kortfattet Fremstilling af dens Metoder og 
Resultater. Aanden udgave. Købenahvn: Gyl- 
dendal.【1873 年 Jylland 南の Vejle の生まれ】 
j. Verner, Karl Adolf (1903). Afhandlinger og 
Breve. 出版地、出版社不詳．�[Reprint. Nabu 
Press, 2011]【1846 年 Århus の生まれ】 
上記の文献のうち、実際に筆者が参照可能であった
ものは次の九点: Broberg (1882), Chirstiani (1888), 
ODS, Høysgaard (1747), Jespersen (1906), Meyer (1837), 
Mikkelsen (1911), Sandfeld (1923), Verner (1903)。 
 	 筆者がフィールドワークより採取した 42 項目の
韻律的複合語の内、かつ第一音節以外の音節に主強
勢を有していたことが文献に記されているものは以
下の 12 語（言及のある文献名も併せて記す）： 
(10) a. asfÁlt「アスファルト」:Christiani, Verner, ODS 
b. billÁrd「ビリヤード」: Broberg, Christiani, 
Meyer, Mikkelsen 
c. dirÉkte「直接的な」: Christiani, ODS, Jepsersen 
d. februÁr「二月」: Broberg, Christiani, Meyer, 
Mikkelsen 
e. feminÍn「女性的な」: Christiani, Høysgaard, 
ODS, Sandfeld 
f. guitÁr「ギター」: Broberg, Christiani, Meyer, 
Mikkelsen 
g. hangÁr 「飛行機の格納庫」 : Broberg, 
Christiani, Meyer, Mikkelsen 
h. januÁr「一月」: Broberg, Christiani, Meyer, 
Mikkelsen 
i. kaviÁr「キャビア」: Broberg, Christiani, Meyer, 
Mikkelsen 
j. maskulÍn「男性的な」: Christiani, Høysgaard, 
ODS, Sandfeld 
k. objÉkt「物体」: Michelsen 



























１．�２ 	 デンマーク語について  




























































2005 年から 2009 年にかけて断続的に行ってきたフ
ィールドワークを通じてその一部は既に採取済みで
あった。その後、資料の補充と拡充を目的として、





(1) a. Martin Graugaard Hause 氏（男性） 
1980 年ユトランド半島  (Jylland) 北西部
Struer の生まれ 
b. Lise Schou 氏（女性） 
1962 年 Jylland 南西部の Esbjerg 生ま 。
20 歳頃にコペンハーゲン(København) 移る。 
c. Evi Egholm 氏（女性） 




















































ており、注目に値する: biljard, direkte, februar, feminin, 






 	 *3 Sandnes 方言や本稿において引用する Sandnes 方言の
資料に関しては三村(2014)(11)を参照されたい。 
 	 *4 デンマーク王国領グリーンランドの首都（州都）ヌ
ーク(Nuuk)では、土着の言語であるグリーンランド 













(12) a. ÁlibI[:]〜alibÍ[:]「アリバイ」 
b. hÁngA[:]r〜hangÁ[:]r「飛行機の格納庫」 
c. kÓbOlt〜kobÓlt「コバルト」 
d. ÓbjEkt [ˈObjekt]〜objEkt [Obˈjekt] 
(〜[ObˈdZekt])「物体」 



































２ 	 デンマーク語における副次強勢と語構造  
 
２．�１ 	 複合語と派生語  
これまでの筆者の調査から、デンマーク語における
副次強勢には、以下に示す三種類の語においてのみ








(2) 複合語アクセント規則  
The primary stress of the first immediate constituent 
appears as the primary stress of a whole compound, 
and the secondary stress of a whole compound is 

















す三つのグループに分類される(表 1 を参照(5); 表の
黒塗り部分は該当する接辞が存在しないことを示
す）: 
 (3) a. 語幹の主強勢に影響を与えない接辞
(stress-neutral affixes) 
b. 語幹の主強勢を語幹内部で移動させる接
























表 1は、p. 4の (4)に示した、派生接辞を語幹ないし派生語全体の強勢型に与える影響の点から分類したも
のである (Mimura 2009: 209)。黒く塗りつぶした箇所は該当する接辞が確認されていないことを、また網掛け
の部分は語幹の構造と接辞の与える影響が関与する事例であることを例を指す。




Prefix be-: bestı´ge und-: u´ndtage
er-: erke´nde u-: u´held
mis-: mı´stænke
-ede: lu´kkede -skab: æ´gteskab -isk: europæ´isk -itet: humanite´t
-en: avı´sen -dom: æ´lderdom -sk: japa´nsk -ist: telefonı´st
Suffix -e: hu´se -hed: rı´gtighed -er: europæ´er -eri: bagerı´
-e: økono´miske -agtig: da´meagtig -ig: uhe´ldig -isme: marxı´sme
-er: ge´nnemser -ig: ku´nstig -lig: misu´ndelig -agtig: barna´gtig





p. 7の (10)に示した文献資料での記録の有無（記録無しの場合は空白）と、対応するノルウェー語 Sandnes方
言の資料の有無（資料がない場合は「—」で示す）を併せて記してある。
表 2 韻律的複合語一覧（付: 文献資料における記録の有無、対応する Sandnes方言の資料）
韻律的複合語 文献記録 Sandnes方言における主強勢の位置
第一音節 第一音節以外
1. a´dve` t「降臨節」 a´dvent —
2. a´ge`ns「主体」 — —
3. a´ho`rn「楓」 a´horn —
4. a´libı`∼alibı´「アリバイ」 — alibı´
5. a´lkoho`l「アルコール」 — alkoho´l
6. a´mbo`lt「鉄床」 — —

































４ 	 まとめと今後の課題  
４．�１ 	 まとめ  
 	 以上、本稿では、筆者がデンマーク語において韻
律的複合語と呼ぶ単純�語の強勢型の史的側面につい



































































１．�２ 	 デンマーク語について  




























































2005 年から 2009 年にかけて断続的に行ってきたフ
ィールドワークを通じてその一部は既に採取済みで
あった。その後、資料の補充と拡充を目的として、
発音辞典（Molbæk Hansen (1990); 見出し語 41102 語




(1) a. Martin Graugaard Hause 氏（男性） 
1980 年ユトランド半島  (Jylland) 北西部
Struer の生まれ 
b. Lise Schou 氏（女性） 
1962 年 Jylland 南西部の Esbjerg の生まれ。
20 歳頃にコペンハーゲン(København)に移る。 
c. Evi Egholm 氏（女性） 














































 	 そこで筆者は、亀井孝ほか (1966: 174)(16)における
「群化」や、上野善道 (2002: 176, 186)(17)の「アクセ
ントの意味表示機能」や「アクセント群化」という
概念から着想を得て、語彙は意味や音形などの点か














































４．�３．�２ 	 音形に基づくグループ化   
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 *6 なお、fysik などの事例は、「学問の名称」といった「意
味に基づくグループ化」が働いている可能性もある
と考えられる。後述の注 7 も参照されたい。 
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 デンマーク語について  






 	 話者人口は、自治権を有す 領土であるフェロー
諸島とグリーンランドを除く、いわゆる「本土」に
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表 2 韻律的複合語一覧（付: 文献資料における記録の有無、対応する Sandnes方言の資料）
韻律的複合語 文献記録 Sandnes方言における主強勢の位置
第一音節 第一音節以外
1. a´dve`nt「降臨節」 a´dvent —
2. a´ge`ns「主体」 — —
3. a´ho`rn「楓」 a´horn —
4. a´libı`∼alibı´「アリバイ」 — alibı´
5. a´lkoho`l「アルコール」 — alkoho´l
6. a´mbo`lt「鉄床」 — —
7. a´rbe`jde「働く、仕事」 a´rbeid arbe´id
8. a´sfa`lt「アスファルト」 有り — —
9. bly´a`nt「鉛筆」 bly´ant —
10. bı´lla`rd「ビリヤード」 有り — bilja´rd
11. Cæ´sa`r「カエサル【人名】」 — —
12. dı´re`kte「直接的な」 有り — dire´kte
13. le´ksio`n「辞典」 le´ksikon —
14. fe´brua`r「二月」 有り — februa´r
15. fe´minı`n「女性的な」 有り — feminı´n
16. gu´ita`r「ギター」 有り — gita´r
17. ha´nga`r∼hanga´r「格納庫」 有り ha´ngar hanga´r
18. ı´mplicı`t「暗黙の」 — —
19. I´ra`k「イラク」 — —
20. I´ra`n「イラン」 — —
21. ja´nua`r「一月」 有り — janua´r
22. ka´via`r「キャビア」 有り — kavia´r
23. ke´fı`r「ケフィア（発酵飲料）」 — —
24. ko´bolt∼koo´lt「コバルト」 — —
25. lo´mvı`e【海鳥の一種】 — —
26. ma´rty`r「殉教」 — —
27. ma´skulı`n「男性的な」 有り — maskulı´n
28. na´palm「ナパーム弾【焼夷弾の一種】」 — —
29. pa´radı`s「楽園」 — paradı´s
30. Po´rtuga`l「ポルトガル」 — —
31. o´bje`kt∼obje´kt「物体」 有り — —
32. præ´se`ns「現在時制」 — —
33. pro´polı`s「プロポリス」 — —
34. sa´rty`r「風刺」 — saty´r
35. se´llerı`「セロリ」 — sellerı´
36. sta´nda`rd「水準」 — —
37. su´bje`kt∼subje´kt「主題」 有り — —
38. su´lta`n「スルタン【イスラム教国の君主】」 — —
39. ta´mı`l∼tamı´l「タミル語」 — —
40. u´ra`n「ウラン」 — —
41. u´rba`n【新聞名】∼urba´n「洗練された」 — —
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す三つのグループに分類される(表 1 を参照(5); 表の
黒塗り部分は該当する接辞が存在しないことを示
す）: 
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表 1は、p. 4の (4)に示した、派生接辞を語幹ないし派生語全体の強勢型に与える影響の点から分類したも
のである (Mimura 2009: 209)。黒く塗りつぶした箇所は該当する接辞が確認されていないことを、また網掛け
の部分は語幹の構造と接辞の与える影響が関与する事例であることを例を指す。
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31. o´bje`kt∼obje´kt「物体」 有り — —
32. præ´se`ns「現在時制」 — —
33. pro´polı`s「プロポリス」 — —
34. sa´rty`r「風刺」 — saty´r
35. se´llerı`「セロリ」 — sellerı´
36. sta´nda`rd「水準」 — —
37. su´bje`kt∼subje´kt「主題」 有り — —
38. su´lta`n「スルタン【イスラム教国の君主】」 — —
39. ta´mı`l∼tamı´l「タミル語」 — —
40. u´ra`n「ウラン」 — —
41. u´rba`n【新聞名】∼urba´n「洗練された」 — —
42. yo´ghu`rt「ヨーグルト」 — —
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2005 年から 2009 年にかけて断続的に行ってきたフ
ィールドワークを通じてその一部は既に採取済みで
あった。その後、資料の補充と拡充を目的として、
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On the Problem of Nuclear Power Generation 
――― Calculation Rationality and Personality Suitability 
Kohtaroh NINOMIYA*1, Daisuke SEKI*2 
 
（原稿受付日 平成 26 年 6 月 27 日 論文受理日 平成 27 年 1 月 22 日） 
 
Abstract 
If developed nations, under the condition that the “nuclear military technology” exists, act in “global 
economy” according to “calculation rationality” as the behavioral principle, then the nuclear power 
generation appears necessarily.  However, it is possible for us to force “calculation rationality” to 
bear some “personality suitability” ――― to abandon nuclear power generation ――― from the 
standpoint of “rationality based on personal values”. 
 
Keywords : nuclear power generation, nuclear military technology, global economy, calculation 
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来のものであったが、“ Ａｔｏｍｓｆｏｒ Ｐｅａｃｅ” は、その
隠された意図においても、或る軍事的な意味を有って
いた。核兵器に対する世界中の忌避意識を稀釈するこ























































３.２“ Ａｔｏｍｓ  ｆｏｒ  Ｐｅａｃｅ” に対する各国の動向
3.2.1 アメリカ―――発注ブームへ
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3.2.2 フランス―――いち早く導入
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Effects of Simulated Dawn on the Wakefulness 
 
Kana YAMAGAMI*1, Keidai YAJIMA*1, Tomonori YUASA*1, Yoshihisa AIZU*1, Takeo CHIBA*2,  
Haruki SASAKI*3, Jun MIURA*3 
 
(原稿受付日 平成 26年 6月 27日 論文受理日 平成 27年 1月 22日） 
 
Abstract 
Recently, we have developed the novel apparatus to provide simulated dawn, and suggested that the 
simulated dawn by our apparatus have the awakening effect. Thus, this study aimed to investigate the 
effect on the psychomotor performance. Firstly, we have developed the simple calculation application 
working on the iPad mini (Apple Inc.). Then, we investigated the effects of the simulated dawn by our 
apparatus and by another on market in comparison with no light on the psychomotor performance. 
Each period implemented 5 nights. During the whole period, the calculation test with iPad mini and 
the St.Mary Hospital Sleep Questionnaire was performed immediately after getting up at 6am, and the 
24-hour activity was recorded. Simulated dawn by our apparatus minimally improved the calculation 
test, but this improvement did not reach statistical significance. Other markers did not change. In 
conclusion, simulated dawn by our apparatus may have some effect on cognitive performance. 
 



















 *1 室蘭工業大学 もの創造系領域 
 *2 株式会社プラウシップ 










た 5). 図 1に示すように，半円筒形フレームの内側
に白色発光ダイオード(LED)電球を2列配置したた
め，頭の向きに関わらず，必要な照度の光が顔面
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われわれは，以前，擬似夜明け療法の覚醒作用を







害の覚醒困難 difficulty awakening に有効であると
報告されている 4)． 




















































器である SunRise Clock Portable（BioBrite, Bethesda, 
MD．以下，市販器とする）を使用した．学内器は
3時間かけて 0 luxから 250 luxへと照度が上昇する
調光プログラムを搭載している．一方，市販器は，
15分かけて 0 luxから 250 lux（目から 17cmに設置）




図 2 iPad mini版計算課題アプリ． 
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擬似夜明け療法の覚醒効果 











が 1 分毎に自動記録される．得られた結果を 1 時
間毎に 3軸の合計を求め，活動量の指標とした． 











研究第 2 期は，2 日目（D2，以下〜日目を D〜
と表記）から D6まで，午前 3時〜6時にかけて 3
時間，学内器を用いて光照射を行った．研究第 3










的に有意とした．統計解析には，SPSS 22 Statistics 






の結果，アプリ，紙媒体ともに 2 日目の結果は 1
目より良かったが，アプリにおいて有意差が認め
られた(p=0.02)． 







に 12人の学生にアプリを 1日 4回，2日間施行し
た．前述の結果と合わせて解析したところ（n=19），









も，p<0.01）（図 5）．  
図 3 1日目と 2日目の比較 平均値を示す．アプリに
おいて，1日目と 2日目の計算課題結果に有意差が認め
られた(p =0.02)． 
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量を示す（図 7，8，9）．反復測定 ANOVAの結果， いずれも介入法の有意な影響は認められなかった 
(それぞれ，p=0.206, p=0.789, p=0.392)． 
 最後にセントマリー病院睡眠調査票の結果を示
す（図 10，11）．全部で 14 問あるうち，擬似夜明
















図 9 24 時間の介入別活動量 平均値±標準偏差を示
す．介入法による有意差はみられなかった． 
図 7 ６時台の介入別活動量 平均値±標準偏差を示
す．介入法による有意差はみられなかった． 
図 8 ７時台の介入別活動量 平均値±標準偏差を示
す．介入法による有意差はみられなかった． 
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図 11  St.Mary 病院睡眠調査票 Q10 回答 平均値±標
準偏差を示す．介入法による有意差はみられなかった． 
図 10 St.Mary病院睡眠調査票Q9回答 平均値±標準偏
差を示す．介入法による有意差はみられなかった． 
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児童発達支援施設の見学に表れた学生評定の易変性について 
 
今野 博信*1，前田 潤*2 
 
Mutability of student's evaluation shown at the visit  
of Child Development support facility 
 
Hironobu KONNO*1,  Jun MAEDA*2 
 
(原稿受付日 平成 26 年 6 月 27 日 論文受理日 平成 27 年 1 月 22 日） 
 
Abstract 
The students studying the teacher training course had visited the child development support facility. 
They had replied the semantic differential method tests about their images of disability three times. 
The first test was checked before the visiting, the second was immediately after the visiting, and the 
third was two months after of the visiting. These tests were run for the purpose of class assessment. 
The second test increased the favorability rating of disability. And some students decreased extremely 
the favorability rating of disability at the third test. The mutability of student's evaluation has been 
considered. The students who have the concern for another student's thinking or feel sympathy for 
person didn't decrease their evaluation at the third test. It is necessary that the class should improve 
the interest in classmate’s thinking. 
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見学の前後と約 2 ヵ月後の 12 月の 3 回、SD 法
による質問紙調査(9)を行った。対象者は、｢学習・
発達論｣を受講の工学部 3 年生で、全てに回答を提
出した 34 名(内女子 4 名)であった。学科別は、建
築社会基盤 2 名・機械航空創造 4 名・応用理化学
19 名・情報電子工学 9 名であった。このうち見学
の不参加学生 8 名(内女子 1 名)は集計に際して、統
制群として扱われた。 
 質問紙では、障害(発達障害を含む)に対するイメ








6 点、｢やや明るい｣を選べば 5 点とされた。 
 同形式の調査を、見学前の 10 月上旬(事前:pre)
と見学後の 10 月下旬(事後:post)、約 2 ヶ月後の 12
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した。pre と post と f/u の全時期を通した傾向を把握
するために、見学の参加不参加 2 水準(被験者間)、調
査時期 3 水準(被験者内)、20 項目(被験者内)の 2×3




られた。ところが、2 ヶ月後の f/u 期になると、見学
参加の評定値は下降し、不参加との間に差は見られ
なくなった。見学参加の有意差は、pre<post と post>f/u
と pre<f/u の 3 期間に見られ、不参加の有意差は、












が抽出された。表 1 に、その結果を示した。 
 






















参加の評価点は pre<post となるが、f/u 期では評価点
が下降を示した。不参加では、こうした f/u 期での評
因子1 因子2 因子3 因子4 因子5
明るい 0.77 -0.04 -0.22 -0.25 0.26
陽気な 0.75 -0.14 -0.21 -0.02 0.18
かわいらしい 0.67 -0.36 -0.25 -0.16 -0.04
怖くない 0.56 -0.39 -0.01 -0.28 -0.15
きれいな 0.52 -0.26 -0.26 -0.24 -0.15
安全な 0.35 -0.60 -0.15 -0.13 -0.24
正常な 0.41 -0.57 -0.22 -0.13 -0.15
共感できる 0.00 -0.54 -0.20 -0.34 0.08
役に立つ 0.14 -0.54 -0.14 -0.09 -0.03
身近な 0.21 -0.50 -0.31 -0.36 -0.13
気の毒でない 0.11 -0.26 -0.67 0.02 0.14
幸せな 0.23 -0.19 -0.61 -0.10 0.07
優秀な 0.22 -0.38 -0.51 -0.24 -0.18
手際よい 0.23 -0.01 -0.48 -0.24 -0.26
共生すべき 0.13 -0.26 -0.02 -0.73 0.06
迷惑でない 0.35 -0.22 -0.31 -0.68 -0.01
近づきたい 0.31 -0.41 -0.27 -0.45 -0.34
関わりたい 0.32 -0.26 -0.44 -0.45 -0.28
おだやかな -0.05 -0.03 0.12 -0.19 -0.73
個性あふれる 0.08 0.11 0.08 -0.15 0.41
負荷量の二乗和 3.06 2.49 2.14 2.11 1.28
寄与率 15.32 12.46 10.70 10.53 6.40
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 因子 2 の「共感できる」では、不参加による評定
が 3.9→3.9→5.3 と f/u 期で有意に上昇した。因子 3
の「気の毒でない」では、不参加による評定が、4.4
→4.1→5.1 と f/u 期で有意に上昇した。見学参加にお
けるこの二つの項目での有意な変化はなかった。 


























た。図 2 は因子 1 の 5 項目について平均値を学生別
に算出し、postの値から preの値を減じた数をＸ軸に、
f/u の値から post の値を減じた数をＹ軸にして個々の
評定変化をプロットしたものである。 
 右下に囲まれているのは、pre から post にかけてポ
ジティブな評定が増加し、post から f/u ではその評定
が減少した群である。これを、易変性大群と名付け


















図 3 その他の因子の 2 期間の分布 
 




post から f/u にかけてポジティブな評定が増加し
た群を、検討対象にした。この群を、易変性小群
と名付けた。 
 図 3 の右上、Ｘ軸にそって斜めに連なる一群が
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- 5 - 
して 3 群を抽出し、その評定と因子間の関係につ
いて検討した。 
 なお、この 3 群ごとの所属学科は、易変性大群
では応用理化学 3 名と情報電子工学 1 名、易変性
中群では応用理化学 3 名、易変性小群では機械航





易変性大群(4 名男子のみ)では、因子 1 とその他
の因子との間に差は見られず、post から f/u にか
けてポジティブな評定がどの項目でも減少した。













































くなった(図 4 参照)。pre の３群間に差は無く、post
にかけて３群ともポジティブ評定が増加した。 
その他の因子(因子 2・3・4)について見られた変
化を図 5 に示した。因子 1 の場合と同様に、易変
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義の後にはミニレポートを 2 回、中間期の 12 月末





























表 2 感想記入の可能性と実際の記入 
易変性 人数 記入の最大 実際の記入 
大 4 8 1 
中 3 6 4 
小 7  14 7 
 



















































今野 博信，前田 潤 




































 見学は 10 月の二日間に、午前午後の 2 回実施も
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(1) 今野博信 2012 ｢知識だけではなく行動につなげる
ための発達障害理解｣  室蘭工業大学紀要 62 号 
153-161 
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(10) 松村孝雄･横川剛毅 2002 ｢知的障害者のイメージ
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